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METHODS FOR TREATMENT OF WOUND HEALING UTILIZING CHEMICALLY
MODIFIED OLIGONUCLEOTIDES

RELATED APPLICATIONS

This application claims the benefit under 35 U.S.C. § 119(e) of U.S. Provisional
Application Serial No. US 61/911,991, entitled “METHODS FOR EARLY
TREATMENT OF WOUND HEALING UTILIZING CHEMICALLY MODIFIED
OLIGONUCLEOQOTIDES,” filed on December 4, 2013, U.S. Provisional Application
Serial No. 61/911,993, entitled “METHODS FOR ACCELERATING WOUND
HEALING UTILIZING CHEMICALLY MODIFIED OLIGONUCLEOTIDES,” filed
on December 4, 2013 and U.S. Provisional Application Serial No. US 62/049,299,
entitled “METHODS FOR TREATMENT OF WOUND HEALING UTILIZING
CHEMICALLY MODIFIED OLIGONUCLEOQOTIDES,” filed on September 11, 2014,
the entire disclosures of each of which are herein incorporated by reference in their

entireties.

FIELD OF INVENTION
The invention pertains to the reduction of fibrosis during wound healing. The
invention more specifically relates to nucleic acid molecules with improved in vivo

delivery properties and their use for reduction of dermal scarring.

BACKGROUND OF INVENTION

Complementary oligonucleotide sequences are promising therapeutic agents and
useful research tools in elucidating gene functions. However, prior art oligonucleotide
molecules suffer from several problems that may impede their clinical development, and
frequently make it difficult to achieve intended efficient inhibition of gene expression

(including protein synthesis) using such compositions in vivo.

A major problem has been the delivery of these compounds to cells and tissues.
Conventional double-stranded RNAi compounds, 19-29 bases long, form a highly
negatively-charged rigid helix of approximately 1.5 by 10-15 nm in size. This rod type
molecule cannot get through the cell-membrane and as a result has very limited efficacy
both in vitro and in vivo. As a result, all conventional RNAi compounds require some

kind of a delivery vehicle to promote their tissue distribution and cellular uptake. This is



10

15

20

25

30

WO 2015/085113 PCT/US2014/068654

considered to be a major limitation of the RNAi technology.

There have been previous attempts to apply chemical modifications to
oligonucleotides to improve their cellular uptake properties. One such modification was
the attachment of a cholesterol molecule to the oligonucleotide. A first report on this
approach was by Letsinger ef al., in 1989. Subsequently, ISIS Pharmaceuticals, Inc.
(Carlsbad, CA) reported on more advanced techniques in attaching the cholesterol

molecule to the oilgonucleotide (Manoharan, 1992).

With the discovery of siRNAs in the late nineties, similar types of modifications
were attempted on these molecules to enhance their delivery profiles. Cholesterol
molecules conjugated to slightly modified (Soutschek, 2004) and heavily modified
(Wolfrum, 2007) siRNAs appeared in the literature. Yamada et al., 2008 also reported
on the use of advanced linker chemistries which further improved cholesterol mediated
uptake of siRNAs. In spite of all this effort, the uptake of these types of compounds
appears to be inhibited in the presence of biological fluids resulting in highly limited
efficacy in gene silencing in vivo, limiting the applicability of these compounds in a

clinical setting.

SUMMARY OF INVENTION

Aspects of the invention provide nucleic acid molecules for the prophylactic
treatment of wounding to reduce scarring. Herein, it is demonstrated that a specific
nucleic acid molecule, RXI-109 (targeting connective tissue growth factor (CTGF)),
given prophylactically, reduces scarring during wound healing.

Each of the limitations of the invention can encompass various embodiments of
the invention. It is, therefore, anticipated that each of the limitations of the invention
involving any one element or combinations of elements can be included in each aspect of
the invention. This invention is not limited in its application to the details of
construction and the arrangement of components set forth in the following description or
illustrated in the drawings. The invention is capable of other embodiments and of being
practiced or of being carried out in various ways.

Aspects of the invention include a method to reduce scarring during wound

healing, comprising administering to a human subject a therapeutically effective amount
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of a nucleic acid molecule for reducing scarring, wherein the nucleic acid molecule is
administered between 72 hours prior to a wound and 24 hours after a wound.

In some embodiments the nucleic acid is a chemically modified oligonucleotide.
In certain embodiments the scarring is dermal scarring. In other embodiments the
scarring is ocular scarring.

In some embodiments the nucleic acid molecule is directed against a gene
encoding for a protein selected from the group consisting of: Transforming growth
factor  (TGFB1, TGFf2), Osteopontin, Connective tissue growth factor (CTGF),
Platelet-derived growth factor (PDGF), Hypoxia inducible factor-1a (HIF1q), Collagen I
and/or III, Prolyl 4-hydroxylase (P4H), Procollagen C-protease (PCP), Matrix
metalloproteinase 2, 9 (MMP2, 9), Integrins, Connexin, Histamine H1 receptor, Tissue
transglutaminase, Mammalian target of rapamycin (mTOR), HoxB13, VEGF, IL-6,
SMAD proteins, Ribosomal protein S6 kinases (RSP6) and Cyclooxygenase-2 (COX-2).

In certain embodiments the nucleic acid molecule is directed against CTGF.

In some embodiments the nucleic acid molecule is single-stranded. In other
embodiments the nucleic acid molecule is double-stranded. In certain embodiments the
nucleic acid molecule works via a RNAi mechanism of action.

In some embodiments, the nucleic acid molecule is RXI-109, comprising a sense
strand sequence of: G.mC. A.mC.mC.mU.mU.mU.mC.mU. A*mG*mA.TEG-Chl (SEQ
ID NO:1) and an antisense strand sequence of: PmU.fC.fU. A. G.mA. A.mA. G. G.fU.
G.mC* A* A* A*mC* A* U (SEQ ID NO:2).

In some embodiments, the nucleic acid molecule is an siRNA directed against
CTGEF. In certain embodiments, the nucleic acid molecule is an antisense
oligonucleotide (ASO) directed against CTGF.

In some embodiments, the therapeutically effective amount is between 0.5 to 20
mg per centimeter of the wound.

In some embodiments, the nucleic acid molecule is in a composition formulated
for delivery to the skin. In certain embodiments the nucleic acid molecule is in a
composition formulated for topical delivery. In some embodiments, the nucleic acid
molecule is in a composition formulated for intradermal injection. In some embodiments
the nucleic acid molecule is in a composition formulated for delivery to the eye. In some

embodiments, the nucleic acid molecule is in a composition formulated for topical
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delivery to the eye. In certain embodiments, the nucleic acid molecule is in a
composition formulated for intravitreal injection or subretinal injection.

In some embodiments, methods further comprise at least a second nucleic acid
molecule, wherein the second nucleic acid molecule is directed against a different gene
than the nucleic acid molecule.

In some embodiments, the nucleic acid molecule is composed of nucleotides and
at least 30% of the nucleotides are chemically modified.

In some embodiments, the nucleic acid molecule has at least one modified
backbone linkage and at least 2 of the backbone linkages contains a phosphorothioate
linkage.

In some embodiments, the nucleic acid molecule is composed of nucleotides and
at least one of the nucleotides contains a 2’ chemical modification selected from OMe, 2’
MOE (methoxy), and 2’Fluoro.

In some embodiments, methods further comprise administering at least a second
dose of the nucleic acid molecule more than 24 hours after the wound. In some
embodiments, methods further comprise administering at least two more doses of the
nucleic acid molecule more than 24 hours after the wound. In some embodiments, the
wounding comprises skin grafting.

In some embodiments, the nucleic acid molecule is administered to a graft donor
site. In some embodiments, the nucleic acid molecule is administered to a graft recipient
site.

Aspects of the invention relate to methods to reduce scarring during wound healing,
comprising administering to a human subject a therapeutically effective amount of a
nucleic acid molecule for reducing scarring, wherein the nucleic acid molecule is
administered between 7 days and 30 days after a wound.

In some embodiments, methods further comprise one to five additional doses. In
some embodiments, the additional doses are administered weekly. In some
embodiments, the additional doses are administered every two weeks. In some
embodiments, the additional doses are administered monthly. In some embodiments, the
additional doses are administered in any combination of weekly, every two weeks and/or
monthly. In some embodiments, the therapeutically effective amount is between 0.1 to

20 mg per centimeter of the wound.
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In some embodiments, the nucleic acid molecule is directed against a gene encoding
for a protein selected from the group consisting of; Transforming growth factor 3
(TGFB1, TGFf2), Osteopontin, Connective tissue growth factor (CTGF), Platelet-
derived growth factor (PDGF), Hypoxia inducible factor-1c (HIF1a), Collagen I and/or
II, Prolyl 4-hydroxylase (P4H), Procollagen C-protease (PCP), Matrix metalloproteinase
2,9 (MMP2, 9), Integrins, Connexin, Histamine H1 receptor, Tissue transglutaminase,
Mammalian target of rapamycin (mTOR), HoxB13, VEGF, IL-6, SMAD proteins,
Ribosomal protein S6 kinases (RSP6) and Cyclooxygenase-2 (COX-2).

In some embodiments, the nucleic acid molecule is directed against CTGF. In some
embodiments, the nucleic acid molecule is RXI-109, comprising a sense strand sequence
of: G.mC. A mC.mC.mU.mU.mU.mC.mU. A*mG*mA.TEG-Chl (SEQ ID NO:1) and an
antisense strand sequence of: P mU.fC.fU. A. G.mA. AmA. G. G.fU. G.mC* A* A*
A*mC* A* U (SEQ ID NO:2).

Further aspects of the invention relate to methods to reduce scarring following
excision of a keloid, comprising administering to a human subject a therapeutically
effective amount of a nucleic acid molecule for reducing scarring, wherein the nucleic
acid molecule is administered between 72 hours prior to excision and 24 hours after
excision.

In some embodiments, the nucleic acid is a chemically modified oligonucleotide. In
some embodiments, the nucleic acid molecule is directed against a gene encoding for a
protein selected from the group consisting of; Transforming growth factor B (TGFp1,
TGF2), Osteopontin, Connective tissue growth factor (CTGF), Platelet-derived growth
factor (PDGF), Hypoxia inducible factor-1ot (HIF1a), Collagen I and/or III, Prolyl 4-
hydroxylase (P4H), Procollagen C-protease (PCP), Matrix metalloproteinase 2, 9
(MMP2, 9), Integrins, Connexin, Histamine H1 receptor, Tissue transglutaminase,
Mammalian target of rapamycin (mTOR), HoxB13, VEGF, IL-6, SMAD proteins,
Ribosomal protein S6 kinases (RSP6) and Cyclooxygenase-2 (COX-2).

In some embodiments, the nucleic acid molecule is directed against CTGF. In some
embodiments, the nucleic acid molecule is single-stranded. In some embodiments, the
nucleic acid molecule is double-stranded. In some embodiments, the nucleic acid
molecule works via a RNAi mechanism of action.

In some embodiments, the nucleic acid molecule is RXI-109, comprising a sense

strand sequence of: G.mC. A.mC.mC.mU.mU.mU.mC.mU. A*mG*mA.TEG-Chl (SEQ
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ID NO:1) and an antisense strand sequence of: PmU.fC.fU. A. G.mA. A.mA. G. G.fU.
G.mC* A* A* A*mC* A* U (SEQ ID NO:2).

In some embodiments, the nucleic acid molecule is an siRNA directed to CTGF. In
some embodiments, the nucleic acid molecule is an Antisense oligonucleotide (ASO)
directed to CTGF. In some embodiments, the therapeutically effective amount is between
0.1 to 20 mg per centimeter of the scar.

In some embodiments, the nucleic acid molecule is in a composition formulated for
delivery to the skin. In some embodiments, the nucleic acid molecule is in a composition
formulated for topical delivery. In some embodiments, the nucleic acid molecule is in a
composition formulated for intradermal injection.

In some embodiments, methods further comprise administering at least a second
nucleic acid molecule, wherein the second nucleic acid molecule is directed against a
different gene than the nucleic acid molecule. In some embodiments, the nucleic acid
molecule is composed of nucleotides and at least 30% of the nucleotides are chemically
modified. In some embodiments, the nucleic acid molecule has at least one modified
backbone linkage and at least 2 of the backbone linkages contains a phosphorothioate
linkage. In some embodiments, the nucleic acid molecule is composed of nucleotides
and at least one of the nucleotides contains a 2’ chemical modification selected from
OMe, 2° MOE (methoxy), and 2’Fluoro.

In some embodiments, methods further comprise administering at least one
additional dose following the first dose. In some embodiments, multiple additional doses
are delivered. In some embodiments, the additional doses are administered every other
day following the first dose. In some embodiments, the additional doses are administered
twice a week following the first dose. In some embodiments, the additional doses are
administered weekly following the first dose. In some embodiments, the additional doses
are administered every two weeks following the first dose. In some embodiments, the
additional doses are administered every three weeks following the first dose. In some
embodiments, the additional doses are administered monthly following the first dose. In
some embodiments, the additional doses are administered in any combination of daily,
biweekly, weekly, every two weeks, every three weeks and/or monthly. In some
embodiments, booster doses are administered. In some embodiments, the booster doses

are administered monthly or every two months.
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In some aspects the invention is a method for accelerating the rate of wound healing
following injury by administering to a human subject a therapeutically effective amount
of an siRNA directed against a gene encoding Connective tissue growth factor (CTGF),

for accelerating the rate of wound healing following an injury.

In other aspects the invention is a method for accelerating the rate of wound healing
following injury, by administering to a human subject a therapeutically effective amount
of a nucleic acid molecule directed against a gene encoding Connective tissue growth
factor (CTGF), for accelerating the rate of wound healing following an injury wherein
the nucleic acid molecule is administered between 72 hours prior to the injury and 48

hours after the injury.

In yet other aspects the invention is a method for accelerating the rate of wound
healing following injury, by administering to a subject a therapeutically effective amount
of a nucleic acid molecule directed against a gene encoding Connective tissue growth
factor (CTGF), for accelerating the rate of wound healing following an injury wherein

the nucleic acid molecule is administered prior to the injury and after the injury.

A method for accelerating the rate of wound healing following injury is provided in
other aspects. The method involves administering to a human subject a therapeutically
effective amount of a nucleic acid molecule, for accelerating the rate of wound healing
following an injury, wherein the nucleic acid molecule is administered between 72 hours

prior to the injury and 48 hours after the injury.

In some embodiments the nucleic acid is a chemically modified oligonucleotide. In
certain embodiments the scarring is dermal scarring. In other embodiments the scarring
is ocular scarring.

In some embodiments the nucleic acid molecule is directed against a gene encoding
for a protein selected from the group consisting of: Transforming growth factor 3
(TGFB1, TGFf2), Osteopontin, Connective tissue growth factor (CTGF), Platelet-
derived growth factor (PDGF), Hypoxia inducible factor-1c (HIF1a), Collagen I and/or
II, Prolyl 4-hydroxylase (P4H), Procollagen C-protease (PCP), Matrix metalloproteinase
2,9 (MMP2, 9), Integrins, Connexin, Histamine H1 receptor, Tissue transglutaminase,
Mammalian target of rapamycin (mTOR), HoxB13, VEGF, IL-6, SMAD proteins,
Ribosomal protein S6 kinases (RSP6) and Cyclooxygenase-2 (COX-2).
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In certain embodiments the nucleic acid molecule is directed against CTGF.

In some embodiments the nucleic acid molecule is single-stranded. In other
embodiments the nucleic acid molecule is double-stranded. In certain embodiments the
nucleic acid molecule works via a RNAi mechanism of action.

In some embodiments, the nucleic acid molecule is RXI-109, comprising a sense
strand sequence of: G.mC. A mC.mC.mU.mU.mU.mC.mU. A*mG*mA.TEG-Chl and an
antisense strand sequence of: P mU.fC.fU. A. G.mA. AmA. G. G.fU. G.mC* A* A*
A*mC* A* U. In some embodiments, the nucleic acid molecule is an siRNA directed to
CTGEF. In certain embodiments, the nucleic acid molecule is an antisense
oligonucleotide (ASO) directed to CTGF.

In some embodiments, the therapeutically effective amount is between 0.5 to 20 mg
per centimeter of the wound.

In some embodiments, the nucleic acid molecule is in a composition formulated for
delivery to the skin. In certain embodiments the nucleic acid molecule is in a
composition formulated for topical delivery. In some embodiments, the nucleic acid
molecule is in a composition formulated for intradermal injection. In some embodiments
the nucleic acid molecule is in a composition formulated for delivery to the eye. In some
embodiments the nucleic acid molecule is in a composition formulated for topical
delivery to the eye. In certain embodiments the nucleic acid molecule is in a composition
formulated for intravitreal injection or subretinal injection.

In some embodiments, methods further comprise administering at least a second
nucleic acid molecule, wherein the second nucleic acid molecule is directed against a
different gene than the nucleic acid molecule.

In other embodiments, the nucleic acid molecule is composed of nucleotides and at
least 30% of the nucleotides are chemically modified. In certain embodiments, the
nucleic acid molecule has at least one modified backbone linkage and at least 2 of the
backbone linkages contains a phosphorothioate linkage. In some embodiments, the
nucleic acid molecule is composed of nucleotides and at least one of the nucleotides
contains a 2’ chemical modification selected from OMe, 2° MOE (methoxy), and
2’Fluoro.

In certain embodiments, methods further comprise administering at least a second
dose of the nucleic acid molecule more than 48 hours after the wound. In some

embodiments, methods further comprise administering at least two more doses of the
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nucleic acid molecule more than 48 hours after the wound. In some embodiments, the
wounding comprises skin grafting.
In some embodiments, the nucleic acid molecule is administered to a graft donor site.

In some embodiments, the nucleic acid molecule is administered to a graft recipient site.

BRIEF DESCRIPTION OF DRAWINGS

The accompanying drawings are not intended to be drawn to scale. In the
drawings, each identical or nearly identical component that is illustrated in various
figures is represented by a like numeral. For purposes of clarity, not every component
may be labeled in every drawing. In the drawings:

Figure 1 demonstrates in vivo and in vitro research with RXI-109. Figure 1A
demonstrates the in vitro efficacy of RXI-109. Figure 1B demonstrates CTGF silencing,
in vivo (Rat skin) after two intradermal injections of RXI-109.

Figure 2 demonstrates that CTGF silencing does not delay, and may enhance,
early wound healing in a rodent model. Figure 2A depicts an outline of a large wound-
healing study that includes prophylactic dosing in rats. Figure 2B demonstrates CTGF
silencing, in vivo (Rat skin) after three intradermal injections of RX1-109. Figure 2C
demonstrates that administration of RXI-109 in rat skin does not delay early wound
closure as determined by wound with measurements. Figure 2D demonstrates that
administration of RXI-109 in rat skin does not delay early wound closure as determined
by histological measurements of percent re-epithalization.

Figure 3 depicts an overview of RXI-109 Phase I clinical trials.

Figure 4 depicts an overview of the incision layout for the Phase 1 clinical trial
RXI-109-1201. Subjects received a single intradermal injection of either RXI-109 or
Placebo according to a predetermined randomization pattern for each subject. Half of the
sites were treated with RXI-109, half with placebo.

Figure 5 depicts preliminary blinded histology data from RXI-109-1201 of
wound areas 84 days post incision. Images of the incision site are depicted above the
histology data. Biopsies of normal and treated skin samples were taken from subjects 84
days post wounding for histological evaluation. Wound area and CTGF levels were
determined for each sample.

Figure 6 depicts preliminary blinded histology data of the sum of the wound area,

from three sections per site, from the lower incision sites, 84 days post incision. Biopsies
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of normal and treated skin samples were taken from subjects 84 days post wounding for
histological evaluation. Wound area and CTGF levels were determined for each sample.

Figure 7 depicts preliminary blinded histology data from RXI-109-1201 of
wound areas, CTGF staining and a-SMA staining 84 days post incision (20X
magnification). Biopsies of normal and treated skin samples were taken from subjects 84
days post wounding for histological evaluation. Wound area and CTGF levels were
determined for each sample.

Figure 8 depicts an overview of the incision layout for the Phase 1 clinical trial
RXI-109-1201. Subjects received a three intradermal injections, over two weeks, of
either RXI-109 or Placebo according to a predetermined randomization pattern for each
subject. Half of the sites were treated with RXI-109, half with placebo.

Figure 9 depicts images of a subject’s incision sites 18 days post incision (3 days
after the 3rd and last dose) from the Phase 1 trial RXI-109-1202. The data presented are
blinded, code has not been broken.

Figure 10 depicts images of a subject’s incision sites 18 days post incision (3
days after the 3rd and last dose) as well as the corresponding relative CTGF mRNA
levels from each incision site from the Phase 1 trial RX1-109-1202. The data presented
are blinded, code has not been broken. Biopsies of normal and treated skin samples were
taken from subjects 18 days post wounding for evaluation of CTGF mRNA levels.
CTGF and housekeeping mRNA levels were determined using qPCR (tagman Probes
ABI).

Figure 11 depicts an overview of RXI-109 Phase 2 clinical trial: Study RXI-109-
1301. Study RX1I-109-1301 consisted of the following: Multi-Center, Prospective,
Randomized, Double-Blind, Within-Subject Controlled Phase 2a Study to Evaluate the
Effectiveness and Safety of RXI 109 on the Outcome of Scar Revision Surgery on
Transverse Hypertrophic Scars on the Lower Abdomen Resulting from Previous
Surgeries in Healthy Adults. Multiple parameters were evaluated including: safety &
side effect versus vehicle and photographic comparison versus vehicle.

Figure 12 depicts an overview of the revised scar segment layout for the Phase 2
clinical trial RXI-109-1301. Subjects received three intradermal injections, over two
weeks, of either RXI-109 or Placebo according to a predetermine randomization pattern

for each subject (middle segment of the revised scar segment was left untreated). A
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portion of the revised scar segment (R or L) was treated with RXI-109, while the other
portion (R or L) was treated with placebo.

Figure 13 depicts the 1-month interim analysis of photographs by blinded
evaluators. Evaluators were asked to (a) select whether on side (left or right) looks better
or if there is no difference (b) provide a VAS score from 0 (fine line scar) to 10 (worst
scar possible).

Figure 14 depicts the 1-month interim analysis of photographs by blinded
evaluators.

Figure 15 depicts photographs of a scar segment pre-surgery and 1 month post
revision from subject in Cohort 1.

Figure 16 depicts photographs of a scar segment pre-surgery and 1 month post

revision from subject in Cohort 2.

DETAILED DESCRIPTION

Aspects of the invention relate to methods and compositions involved in gene
silencing. The invention is based at least in part on the surprising discovery that
administration of sd-rxRNA molecules to the skin, such as through intradermal injection
or subcutaneous administration, results in efficient silencing of gene expression in the
skin. Further aspects of the invention are based, at least in part, on the surprising
discovery that scarring can be reduced in a subject by administering a therapeutically
effective amount of a nucleic acid molecule to the subject between 72 hours prior to a
wound and 24 hours after a wound. sd-rxRNAs represent a new class of therapeutic
RNAIi molecules with significant potential in treatment of compromised skin.

As used herein, “nucleic acid molecule” includes but is not limited to: sd-rxRNA,
rxRNAori, oligonucleotides, ASO, siRNA, shRNA, miRNA, ncRNA, cp-lasiRNA,
aiRNA, BMT-101, RXI-109, EXC-001, single-stranded nucleic acid molecules, double-
stranded nucleic acid molecules, RNA and DNA. In some embodiments, the nucleic
acid molecule is a chemically modified nucleic acid molecule, such as a chemically
modified oligonucleotide.

As used herein, “wounding” includes but is not limited to injury, trauma, surgery,

compromised skin and burns.
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sd-rxRNA molecules

Aspects of the invention relate to sd-rxRNA molecules. As used herein, an “sd-
rxRNA” or an “sd-rxRNA molecule” refers to a self-delivering RNA molecule such as
those described in, and incorporated by reference from, PCT Publication No.
WQ02010/033247 (Application No. PCT/US2009/005247), tiled on September 22, 2009,
and entitled “REDUCED SIZE SELF-DELIVERING RNAI COMPOUNDS,” US Patent
No. 8,796,443, granted on August 5, 2014, entitled “Reduced Size Self-Delivering RNA1
Compounds,” PCT application PCT/US2009/005246, filed on September 22, 2009, and
entitled “RNA INTERFERENCE IN SKIN INDICATIONS” And US Patent No.
8,644,189, granted on March 4, 2014 and entitled “RNA Interference in Skin
Indications.” Briefly, an sd-rxRNA, (also referred to as an sd-rxRNA"™°) is an isolated
asymmetric double stranded nucleic acid molecule comprising a guide strand, with a
minimal length of 16 nucleotides, and a passenger strand of 8-18 nucleotides in length,
wherein the double stranded nucleic acid molecule has a double stranded region and a
single stranded region, the single stranded region having 4-12 nucleotides in length and
having at least three nucleotide backbone modifications. In preferred embodiments, the
double stranded nucleic acid molecule has one end that is blunt or includes a one or two
nucleotide overhang. sd-rxRNA molecules can be optimized through chemical
modification, and in some instances through attachment of hydrophobic conjugates.

In some embodiments, an sd-rxRNA comprises an isolated double stranded
nucleic acid molecule comprising a guide strand and a passenger strand, wherein the
region of the molecule that is double stranded is from 8-15 nucleotides long, wherein the
guide strand contains a single stranded region that is 4-12 nucleotides long, wherein the
single stranded region of the guide strand contains 3,4, 5, 6,7, 8,9, 10, 11 or 12
phosphorothioate modifications, and wherein at least 40% of the nucleotides of the
double stranded nucleic acid are modified.

The polynucleotides of the invention are referred to herein as isolated double
stranded or duplex nucleic acids, oligonucleotides or polynucleotides, nano molecules,
nano RNA, sd-rxRNA™", sd-rxRNA or RNA molecules of the invention.

sd-rxRNAs are much more effectively taken up by cells compared to
conventional siRNAs. These molecules are highly efficient in silencing of target gene
expression and offer significant advantages over previously described RN A1 molecules

including high activity in the presence of serum, efficient self delivery, compatibility
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with a wide variety of linkers, and reduced presence or complete absence of chemical
modifications that are associated with toxicity.

In contrast to single-stranded polynucleotides, duplex polynucleotides have
traditionally been difficult to deliver to a cell as they have rigid structures and a large
number of negative charges which makes membrane transfer difficult. sd-rxRNAs
however, although partially double-stranded, are recognized in vivo as single-stranded
and, as such, are capable of efficiently being delivered across cell membranes. As a
result the polynucleotides of the invention are capable in many instances of self delivery.
Thus, the polynucleotides of the invention may be formulated in a manner similar to
conventional RNAIi agents or they may be delivered to the cell or subject alone (or with
non-delivery type carriers) and allowed to self deliver. In one embodiment of the present
invention, self delivering asymmetric double-stranded RNA molecules are provided in
which one portion of the molecule resembles a conventional RNA duplex and a second
portion of the molecule is single stranded.

The oligonucleotides of the invention in some aspects have a combination of
asymmetric structures including a double stranded region and a single stranded region of
5 nucleotides or longer, specific chemical modification patterns and are conjugated to
lipophilic or hydrophobic molecules. This class of RNAi like compounds have superior
efficacy in vitro and in vivo. It is believed that the reduction in the size of the rigid
duplex region in combination with phosphorothioate modifications applied to a single
stranded region contribute to the observed superior efficacy.

The invention is based at least in part on the surprising discovery that sd-rxRNA
molecules are delivered efficiently in vivo to the skin through a variety of methods
including intradermal injection and subcutaneous administration. Furthermore, sd-
rxRNA molecules are efficient in mediating gene silencing in the region of the skin
where they are targeted.

Methods of effectively administering sd-rxRNA to the skin and silencing gene
expression have been demonstrated in US Patent No. 8,664,189, granted on March 4,
2014 and entitled “RNA INTERFERENCE IN SKIN INDICATIONS,” US Patent
Publication No. US2014/0113950, filed on April 4, 2013 and entitled “RNA
INTERFERENCE IN DERMAL AND FIBROTIC INDICATIONS,” PCT Publication
No. WO 2010/033246, filed on September 22, 2009 and entitled “RNA
INTERFERENCE IN SKIN INDICATIONS” and PCT Publication No.
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WO02011/119887, filed on March 24, 2011 and entitled “RNA INTERFERENCE IN
DERMAL AND FIBROTIC INDICATIONS.” Each of the above-referenced patents
and publications are incorporated by reference herein in their entireties.

For example, Figure 42 in US Patent Publication No. US2014/0113950
demonstrates CTGF silencing following intradermal injection of RXi-109 in vivo (Rat
skin) after two intradermal injections of RXI-109 (CTGF-targeting sd-rxRNA). Data
presented are from a study using an excisional wound model in rat dermis. Following
two intradermal injections of RXI-109, silencing of CTGF vs. non-targeting control was
sustained for at least five days. The reduction of CTGF mRNA was dose dependent: 51
and 67% for 300 and 600 ng, respectively, compared to the dose matched non-targeting
control. Methods: RXI-109 or non-targeting control (NTC) was administered by
intradermal injection (300 or 600 ug per 200 uL injection) to each of four sites on the
dorsum of rats on Days 1 and 3. A 4 mm excisional wound was made at each injection
site ~30 min after the second dose (Day 3). Terminal biopsy samples encompassing the
wound site and surrounding tissue were harvested on Day 8. RNA was isolated and
subjected to gene expression analysis by qPCR. Data are normalized to the level of the
TATA box binding protein (TBP) housekeeping gene and graphed relative to the PBS
vehicle control set at 1.0. Error bars represent standard deviation between the individual
biopsy samples. P values for RXI-109-treated groups vs dose-mathced non-targeting
control groups were ** p <0.001 for 600 png, * p <0.01 for 300 pg.

It should be appreciated that the sd-rxRNA molecules disclosed herein can be
administered to the skin in the same manner as the sd-rxRNA molecules disclosed in US

Patent Publication No. US2014/0113950, incorporated by reference in its entirety.

Aspects of the invention relate to the use of cell-based screening to identify
potent sd-rxRNA molecules, such as potent sd-rxRNA molecules that target a subset of
genes including SPP1, CTFG, PTGS2, TGFB1 and TGFB2. In some embodiments, a
target gene is selected and an algorithm is applied to identify optimal target sequences
within that gene. For example, many sequences can be selected for one gene. In some
instances, the sequences that are identified are generated as RNAi compounds for a first
round of testing. For example, the RNAi compounds based on the optimal predicted
sequences can initially be generated as rxRNAori (“ori”) sequences for the first round of
screening. After identifying potent RNAi compounds, these can be generated as sd-

rxRNA molecules.
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dsRNA formulated according to the invention also includes rxRNAori.
rxRNAori refers to a class of RNA molecules described in and incorporated by reference
from PCT Publication No. W0O2009/102427 (Application No. PCT/US2009/000852),
filed on February 11, 2009, and entitled, “MODIFIED RNAI POLYNUCLEOTIDES
AND USES THEREOF” And US Patent Publication No. US 2011-0039914, published
on February 17, 2011 and entitled “Modified RNAi Polynucleotides and Uses Thereof.”

In some embodiments, an rxRNAori molecule comprises a double-stranded RNA
(dsRNA) construct of 12-35 nucleotides in length, for inhibiting expression of a target
gene, comprising: a sense strand having a 5'-end and a 3'-end, wherein the sense strand is
highly modified with 2'-modified ribose sugars, and wherein 3-6 nucleotides in the
central portion of the sense strand are not modified with 2'-modified ribose sugars and,
an antisense strand having a 5'-end and a 3'-end, which hybridizes to the sense strand and
to mRNA of the target gene, wherein the dsSRNA inhibits expression of the target gene in
a sequence-dependent manner.

rxRNAori can contain any of the modifications described herein. In some
embodiments, at least 30% of the nucleotides in the rxRNAori are modified. For
example, at least 30%, 31%, 32%, 33%, 34%, 35%, 36%, 37%, 38%, 39%, 40%, 41%,
42%, 43%, 44%, 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%, 10%, 71%,
2%, 3%, 14%, 15%. 6%, 17%, 18%, 19%, 80%, 81%, 82%. 83%, 84%., 85%, 86%.
87%, 88%, 89%, 90%, 91%., 92%, 93%, 94%, 95%, 96%, 971%, 98% or 99% of the
nucleotides in the rxRNAori are modified. In some embodiments, 100% of the
nucleotides in the sd-rxRNA are modified. In some embodiments, only the passenger
strand of the rxRNAori contains modifications.

In some embodiments, the RNAi compounds of the invention comprise an
asymmetric compound comprising a duplex region (required for efficient RISC entry of
8-15 bases long) and single stranded region of 4-12 nucleotides long; with a 13 or 14
nucleotide duplex. A 6 or 7 nucleotide single stranded region is preferred in some
embodiments. The single stranded region of the new RNAi compounds also comprises
2-12 phosphorothioate internucleotide linkages (referred to as phosphorothioate
modifications). 6-8 phosphorothioate internucleotide linkages are preferred in some
embodiments. Additionally, the RNAi compounds of the invention also include a unique

chemical modification pattern, which provides stability and is compatible with RISC
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entry. The combination of these elements has resulted in unexpected properties which
are highly useful for delivery of RNAi reagents in vifro and in vivo.

The chemical modification pattern, which provides stability and is compatible
with RISC entry includes modifications to the sense, or passenger, strand as well as the
antisense, or guide, strand. For instance the passenger strand can be modified with any
chemical entities which confirm stability and do not interfere with activity. Such
modifications include 2’ ribo modifications (O-methyl, 2’ F, 2 deoxy and others) and
backbone modification like phosphorothioate modifications. A preferred chemical
modification pattern in the passenger strand includes Omethyl modification of C and U
nucleotides within the passenger strand or alternatively the passenger strand may be
completely Omethyl modified.

The guide strand, for example, may also be modified by any chemical
modification which confirms stability without interfering with RISC entry. A preferred
chemical modification pattern in the guide strand includes the majority of C and U
nucleotides being 2° F modified and the 5° end being phosphorylated. Another preferred
chemical modification pattern in the guide strand includes 2’ Omethyl modification of
position 1 and C/U in positions 11-18 and 5’ end chemical phosphorylation. Yet another
preferred chemical modification pattern in the guide strand includes 2’ Omethyl
modification of position 1 and C/U in positions 11-18 and 5° end chemical
phosphorylation and and 2’F modification of C/U in positions 2-10. In some
embodiments the passenger strand and/or the guide strand contains at least one 5-methyl
C or U modifications.

In some embodiments, at least 30% of the nucleotides in the sd-rxRNA are
modified. For example, at least 30%, 31%, 32%, 33%, 34%, 35%, 36%, 37%, 38%,
39%, 40%, 41%, 42%, 43%, 44%, 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%, 710%, T1%, 12%, 13%, 14%, 15%. 16%, 17%., 18%, 19%, 80%, 81%, 82%, 83%,
84%, 85%, 86%. 87%, 88%., 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98% or
99% of the nucleotides in the sd-rxRNA are modified. In some embodiments, 100% of
the nucleotides in the sd-rxRNA are modified.

The above-described chemical modification patterns of the oligonucleotides of
the invention are well tolerated and actually improved efficacy of asymmetric RNAi

compounds.
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A combination of modifications to RNAi when used together in a polynucleotide
can result in the achievement of optimal efficacy in passive uptake of the RNAI.
Elimination of any of the described components (guide strand stabilization,
phosphorothioate stretch, sense strand stabilization and hydrophobic conjugate) or
increase in size in some instances results in sub-optimal efficacy and in some instances
complete lost of efficacy. The combination of elements results in development of a
compound, which is fully active following passive delivery to cells such as HeLa cells.

The data in the Examples presented below demonstrates high efficacy of the
oligonucleotides of the invention both in vitro and in vivo.

sd-rxRNA can be further improved in some instances by improving the
hydrophobicity of compounds using of novel types of chemistries. For example one
chemistry is related to use of hydrophobic base modifications. Any base in any position
might be modified, as long as modification results in an increase of the partition
coefficient of the base. The preferred locations for modification chemistries are positions
4 and 5 of the pyrimidines. The major advantage of these positions is (a) ease of
synthesis and (b) lack of interference with base-pairing and A form helix formation,
which are essential for RISC complex loading and target recognition. A version of sd-
rxRNA compounds where multiple deoxy Uridines are present without interfering with
overall compound efficacy was used. In addition major improvement in tissue
distribution and cellular uptake might be obtained by optimizing the structure of the
hydrophobic conjugate. In some of the preferred embodiment the structure of sterol is
modified to alter (increase/ decrease) C17 attached chain. This type of modification
results in significant increase in cellular uptake and improvement of tissue uptake
prosperities in vivo.

Aspects of the invention relate to double-stranded ribonucleic acid molecules
(dsRNA) such as sd-rxRNA and rxRNAori. dsRNA associated with the invention can
comprise a sense strand and an antisense strand wherein the antisense strand is
complementary to at least 12 contiguous nucleotides of a sequence selected from the
sequences within Tables 2, 5, 6,9, 11, 12, 13, 14, 15, 16, 17 and 23, incorporated by
reference from PCT Publication No. WO 2011/119887 and US Patent Publication No.
US2014/0113950. For example, the antisense strand can be complementary to at least
12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, or 24 contiguous nucleotides, or can be

complementary to 25 nucleotides of a sequence selected from the sequences within
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Tables 2, 5, 6,9, 11, 12, 13, 14, 15, 16, 17 and 23, incorporated by reference from PCT
Publication No. WO 2011/119887 and US Patent Publication No. US2014/0113950.

dsRNA associated with the invention can comprise a sense strand and an
antisense strand wherein the sense strand and/or the antisense strand comprises at least
12 contiguous nucleotides of a sequence selected from the sequences within Tables 1-27,
incorporated by reference from PCT Publication No. WO 2011/119887 and US Patent
Publication No. US2014/0113950. For example, the sense strand and/or the antisense
strand can comprise at least 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, or 24
contiguous nucleotides, or can comprise 25 nucleotides of a sequence selected from the
sequences within Tables 1-27, incorporated by reference from PCT Publication No. WO
2011/119887 and US Patent Publication No. US2014/0113950.

Aspects of the invention relate to dsSRNA directed against CTGF. For example,
the antisense strand of a dsRNA directed against CTGF can be complementary to at least
12 contiguous nucleotides of a sequence selected from the sequences within Tables 11,
12 and 15, incorporated by reference from PCT Publication No. WO 2011/119887 and
US Patent Publication No. US2014/0113950. The sense strand and/or the antisense
strand of a dsRNA directed against CTGF can comprises at least 12 contiguous
nucleotides of a sequence selected from the sequences within Tables 10, 11, 12, 15, 20
and 24, incorporated by reference from PCT Publication No. WO 2011/119887 and US
Patent Publication No. US2014/0113950.

In some embodiments, the sense strand comprises at least 12 contiguous
nucleotides of a sequence selected from the group consisting of: SEQ ID NOs: 2463,
3429, 2443, 3445, 2459, 3493, 2465, 3475 and 3469, incorporated by reference from
PCT Publication No. WO 2011/119887 and US Patent Publication No.
US2014/0113950. In certain embodiments, the sense strand comprises or consists of a
sequence selected from the group consisting of: SEQ ID NOs: 2463, 3429, 2443, 3445,
2459, 3493, 2465, 3475 and 3469, incorporated by reference from PCT Publication No.
WO 2011/119887 and US Patent Publication No. US2014/0113950.

In some embodiments, the antisense strand comprises at least 12 contiguous
nucleotides of a sequence selected from the group consisting of: 2464, 3430, 4203, 3446,
2460, 3494, 2466, 3476 and 3470, incorporated by reference from PCT Publication No.
WO 2011/119887 and US Patent Publication No. US2014/0113950. In certain

embodiments, the antisense strand comprises or consists of a sequence selected from the
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group consisting of: 2464, 3430, 4203, 3446, 2460, 3494, 2466, 3476 and 3470,
incorporated by reference from PCT Publication No. WO 2011/119887 and US Patent
Publication No. US2014/0113950.

In a preferred embodiment, the sense strand comprises (GCACCUUUCUAGA)
(SEQ ID NO:3) and the antisense strand comprises (UCUAGAAAGGUGCAAACAU)
(SEQ ID NO:4), incorporated by reference from SEQ ID NOs 2463 and 2464,
respectively, in PCT Publication No. WO 2011/119887 and US Patent Publication No.
US2014/0113950. The sequences of SEQ ID NO: 3 and SEQ ID NO: 4 can be modified
in a variety of ways according to modifications described herein. A preferred
modification pattern for SEQ ID NO: 3 is depicted by (G.mC.
A.mC.mC.mU.mU.mUmC.mU. A*mG*mA.TEG-Chl) (SEQ ID NO:1), incorporated by
reference from SEQ ID NO:3429 in PCT Publication No. WO 2011/119887 and US
Patent Publication No. US2014/0113950. A preferred modification pattern for SEQ ID
NO:4 is depicted by (P.mU .fC.fU. A. G.mA. A.mA. G. G.fU. G.mC* A* A* A*mC* A*
U) (SEQ ID NO:2), incorporated by reference from SEQ ID NO:3430 in PCT
Publication No. WO 2011/119887 and US Patent Publication No. US2014/0113950. An
sd-rxRNA consisting of a sense strand of (G.mC. A. mC.mC.mU.mU.mU.mC.mU.
A*mG*mA.TEG-Chl) (SEQ ID NO:1) and an antisense strand of (P.mU.fC.fU. A.
G.mA. AmA. G. G.fU. G.mC* A* A* A*mC* A* U) (SEQ ID NO:2) is also referred to
as RXi-109, as described in and incorporated by reference from PCT Publication No.
WO 2011/119887 and US Patent Publication No. US2014/0113950. TEG-Chl refers to
cholesterol with a TEG linker; m refers to 2°’OMe; f refers to 2’fluoro; * refers to
phosphorothioate linkage; and . refers to phosphodiester linkage; P represents
phosphorylation.

In another preferred embodiment, the sense strand comprises
(UUGCACCUUUCUAA) (SEQ ID NO:5) and the antisense strand comprises
(UUAGAAAGGUGCAAACAAGQG) (SEQ ID NO:6), incorporated by reference from
SEQ ID NOs 2443 and 4203, respectively, in PCT Publication No. WO 2011/119887
and US Patent Publication No. US2014/0113950. The sequences of SEQ ID NO:5 and
SEQ ID NO:6 can be modified in a variety of ways according to modifications described
herein. A preferred modification pattern for SEQ ID NO:5 is depicted by (mU.mU.
G.mC. AmC.mC.mU.mU.mU.mC.mU*mA*mA.TEG-Chl) (SEQ ID NO:7),
incorporated by reference from SEQ ID NO:3445 in PCT Publication No. WO
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2011/119887 and US Patent Publication No. US2014/0113950. A preferred
modification pattern for SEQ ID NO:6 is depicted by (P.mU.fU. A. G. A.mA. A. G.
GAU. GC.mA mA*mA*C*mA*mA*mG* G.) (SEQ ID NO:8), incorporated by
reference from SEQ ID NO:3446 in PCT Publication No. WO 2011/119887 and US
Patent Publication No. US2014/0113950.

In another preferred embodiment, the sense strand comprises
(GUGACCAAAAGUA) (SEQ ID NO:9) and the antisense strand comprises
(UACUUUUGGUCACACUCUC) (SEQ ID NO:10), incorporated by reference from
SEQ ID NOs:2459 and 2460, respectively, in PCT Publication No. WO 2011/119887
and US Patent Publication No. US2014/0113950. The sequences of SEQ ID NO:9 and
SEQ ID NO:10 can be modified in a variety of ways according to modifications
described herein. A preferred modification pattern for SEQ ID NO:9 is depicted by
(G.mU. G. AmC.mC. A. A. A. A. G*mU*mA.TEG-Chl) (SEQ ID NO:11), incorporated
by reference from SEQ ID NO:3493 in PCT Publication No. WO 2011/119887 and US
Patent Publication No. US2014/0113950. A preferred modification pattern for SEQ ID
NO:10 is depicted by (P.mU. AfC.fU.fU.fU.fU. G. GAU.mC. A.mC*
AFmC*mU*mC*mU* C.) (SEQ ID NO:12), incorporated by reference from SEQ ID
NO:3494 in PCT Publication No. WO 2011/119887 and US Patent Publication No.
US2014/0113950.

In another preferred embodiment, the sense strand comprises
(CCUUUCUAGUUGA) (SEQ ID NO:13) and the antisense strand comprises
(UCAACUAGAAAGGUGCAAA) (SEQ ID NO:14), incorporated by reference from
SEQ ID NOs:2465 and 2466, respectively, in PCT Publication No. WO 2011/119887
and US Patent Publication No. US2014/0113950. The sequences of SEQ ID NO:13 and
SEQ ID NO:14 can be modified in a variety of ways according to modifications
described herein. A preferred modification pattern for SEQ ID NO:13 is depicted by
(MC.mC.mU.mU.mU.mC.mU, A, G mU.mU*mG*mA.TEG-Chl) (SEQ ID NO:15),
incorporated by reference from SEQ ID NO:3469 in PCT Publication No. WO
2011/119887 and US Patent Publication No. US2014/0113950. A preferred
modification pattern for SEQ ID NO:14 is depicted by (P.mU.fC. A. A.fC.fU. A. G.
AmA. A. G. GHU*mG*C*mA*mA* A.) (SEQ ID NO:16), incorporated by reference
from SEQ ID NO:3470 in PCT Publication No. WO 2011/119887 and US Patent
Publication No. US2014/0113950.
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In another preferred embodiment, the sense strand comprises SEQ ID NO:1
(G.mC. AmC.mC.mU.mU.mU.mC.mU. A*mG*mA . TEG-Chl) and the antisense strand
comprises SEQ ID NO:17 (P.mU.fC.fU. A. G.mA. A.mA. G. G.fU.
GC*mA*mA*mA*fC*mA™* U.) incorporated by reference from SEQ ID NOs 3475 and
3476, respectively, in PCT Publication No. WO 2011/119887 and US Patent Publication
No. US2014/0113950.

A preferred embodiment of an rxRNAori directed against CTGF can comprise at
least 12 contiguous nucleotides of a sequence selected from the group consisting of: SEQ
ID NOs:1835, 1847, 1848 and 1849, incorporated by reference from PCT Publication
No. WO 2011/119887. In some embodiments, the sense strand of the rxRNAori
comprises or consists of SEQ ID NOs:1835, 1847, 1848 or 1849, incorporated by
reference from PCT Publication No. WO 2011/119887.

Aspects of the invention relate to compositions comprising dsRNA such as sd-
rxRNA and rxRNAori. In some embodiments compositions comprise two or more

dsRNA that are directed against different genes.

In some embodiment, the nucleic acid molecule is an siRNA. “RNAi” is an
abbreviation used in the literature for the term “RNA interference,” which refers
generally to a cellular process by which expression of a target gene in a cell is interfered
with by adding double-stranded RNA molecules having sequences complementary to the
target gene. Small interfering RNA (siRNA) compounds are typically double-stranded
RNA duplexes containing both a guide and passenger strand. The duplex length of a
typical siRNA is 13 to 30 base pairs. The duplexes can be blunt ended, contain
overhangs or be asymmetric in nature (e.g. contain a single stranded region(s)). Chemical
modification of siRNAs is common to enhance siRNA stability, reduce immune

stimulation and increase cell penetrating properties.

Single stranded siRNAs have also been described in the literature

In some embodiments, the nucleic acid molecule is an antisense oligonucleotide
(ASQO). ASOs are single stranded compounds and are typically 7 to 25 nucleotides long
and are decorated with stabilizing modifications. A typical ASO (also known as a
gapmer) is ~20 nucleotides in length, contains end blocking group (2’omethoxy) on the
5’ and 3’ end and DNA in the middle. In addition, an ASO is typically fully
phosphorothioated.
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This invention is not limited in its application to the details of construction and
the arrangement of components set forth in the following description or illustrated in the
drawings. The invention is capable of other embodiments and of being practiced or of
being carried out in various ways. Also, the phraseology and terminology used herein is

for the purpose of description and should not be regarded as limiting. The use of

2% << 2% << 29 Cel

“including,” “comprising,” or “having,” “containing,” “involving,” and variations thereof
herein, is meant to encompass the items listed thereafter and equivalents thereof as well
as additional items.

Thus, aspects of the invention relate to isolated double stranded nucleic acid
molecules comprising a guide (antisense) strand and a passenger (sense) strand. As used
herein, the term “double-stranded” refers to one or more nucleic acid molecules in which
at least a portion of the nucleomonomers are complementary and hydrogen bond to form
a double-stranded region. In some embodiments, the length of the guide strand ranges
from 16-29 nucleotides long. In certain embodiments, the guide strand is 16, 17, 18, 19,
20, 21, 22, 23, 24, 25, 26, 27, 28, or 29 nucleotides long. The guide strand has
complementarity to a target gene. Complementarity between the guide strand and the
target gene may exist over any portion of the guide strand. Complementarity as used
herein may be perfect complementarity or less than perfect complementarity as long as
the guide strand is sufficiently complementary to the target that it mediates RNAi. In
some embodiments complementarity refers to less than 25%, 20%, 15%, 10%, 5%, 4%,
3%, 2%, or 1% mismatch between the guide strand and the target. Perfect
complementarity refers to 100% complementarity. Thus the invention has the advantage
of being able to tolerate sequence variations that might be expected due to genetic
mutation, strain polymorphism, or evolutionary divergence. For example, siRNA
sequences with insertions, deletions, and single point mutations relative to the target
sequence have also been found to be effective for inhibition. Moreover, not all positions
of a siRNA contribute equally to target recognition. Mismatches in the center of the
siRNA are most critical and essentially abolish target RNA cleavage. Mismatches
upstream of the center or upstream of the cleavage site referencing the antisense strand
are tolerated but significantly reduce target RNA cleavage. Mismatches downstream of
the center or cleavage site referencing the antisense strand, preferably located near the 3'

end of the antisense strand, e.g. 1, 2, 3, 4, 5 or 6 nucleotides from the 3' end of the

antisense strand, are tolerated and reduce target RNA cleavage only slightly.
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While not wishing to be bound by any particular theory, in some embodiments,
the guide strand is at least 16 nucleotides in length and anchors the Argonaute protein in
RISC. In some embodiments, when the guide strand loads into RISC it has a defined
seed region and target mRNA cleavage takes place across from position 10-11 of the
guide strand. In some embodiments, the 5 end of the guide strand is or is able to be
phosphorylated. The nucleic acid molecules described herein may be referred to as
minimum trigger RNA.

In some embodiments, the length of the passenger strand ranges from 8-15
nucleotides long. In certain embodiments, the passenger strand is 8, 9, 10, 11, 12, 13, 14
or 15 nucleotides long. The passenger strand has complementarity to the guide strand.
Complementarity between the passenger strand and the guide strand can exist over any
portion of the passenger or guide strand. In some embodiments, there is 100%
complementarity between the guide and passenger strands within the double stranded
region of the molecule.

Aspects of the invention relate to double stranded nucleic acid molecules with
minimal double stranded regions. In some embodiments the region of the molecule that
is double stranded ranges from 8-15 nucleotides long. In certain embodiments, the
region of the molecule that is double stranded is 8, 9, 10, 11, 12, 13, 14 or 15 nucleotides
long. In certain embodiments the double stranded region is 13 or 14 nucleotides long.
There can be 100% complementarity between the guide and passenger strands, or there
may be one or more mismatches between the guide and passenger strands. In some
embodiments, on one end of the double stranded molecule, the molecule is either blunt-
ended or has a one-nucleotide overhang. The single stranded region of the molecule is in
some embodiments between 4-12 nucleotides long. For example the single stranded
region canbe 4,5, 6,7, 8,9, 10, 11 or 12 nucleotides long. However, in certain
embodiments, the single stranded region can also be less than 4 or greater than 12
nucleotides long. In certain embodiments, the single stranded region is 6 nucleotides
long.

RNAI constructs associated with the invention can have a thermodynamic
stability (AG) of less than -13 kkal/mol. In some embodiments, the thermodynamic
stability (AG) is less than -20 kkal/mol. In some embodiments there is a loss of efficacy
when (AG) goes below -21 kkal/mol. In some embodiments a (AG) value higher than -

13 kkal/mol is compatible with aspects of the invention. Without wishing to be bound
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by any theory, in some embodiments a molecule with a relatively higher (AG) value may
become active at a relatively higher concentration, while a molecule with a relatively
lower (AG) value may become active at a relatively lower concentration. In some
embodiments, the (AG) value may be higher than -9 kkcal/mol. The gene silencing
effects mediated by the RNAIi constructs associated with the invention, containing
minimal double stranded regions, are unexpected because molecules of almost identical
design but lower thermodynamic stability have been demonstrated to be inactive (Rana
et al. 2004).

Without wishing to be bound by any theory, results described herein suggest that
a stretch of 8-10 bp of dsRNA or dsDNA will be structurally recognized by protein
components of RISC or co-factors of RISC. Additionally, there is a free energy
requirement for the triggering compound that it may be either sensed by the protein
components and/or stable enough to interact with such components so that it may be
loaded into the Argonaute protein. If optimal thermodynamics are present and there is a
double stranded portion that is preferably at least 8 nucleotides then the duplex will be
recognized and loaded into the RNAi machinery.

In some embodiments, thermodynamic stability is increased through the use of
LNA bases. In some embodiments, additional chemical modifications are introduced .
Several non-limiting examples of chemical modifications include: 5’ Phosphate, 2°-O-
methyl, 2°-O-ethyl, 2°-fluoro, ribothymidine, C-5 propynyl-dC (pdC) and C-5 propynyl-
dU (pdU); C-5 propynyl-C (pC) and C-5 propynyl-U (pU); 5-methyl C, 5-methyl U, 5-
methyl dC, 5-methyl dU methoxy, (2,6-diaminopurine), 5'-Dimethoxytrityl-N4-ethyl-2'-
deoxyCytidine and MGB (minor groove binder). It should be appreciated that more than
one chemical modification can be combined within the same molecule.

Molecules associated with the invention are optimized for increased potency
and/or reduced toxicity. For example, nucleotide length of the guide and/or passenger
strand, and/or the number of phosphorothioate modifications in the guide and/or
passenger strand, can in some aspects influence potency of the RNA molecule, while
replacing 2’-fluoro (2’F) modifications with 2’-O-methyl (2’OMe) modifications can in
some aspects influence toxicity of the molecule. Specifically, reduction in 2’F content of
a molecule is predicted to reduce toxicity of the molecule. The Examples section
presents molecules in which 2°F modifications have been eliminated, offering an

advantage over previously described RNAi compounds due to a predicted reduction in
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toxicity. Furthermore, the number of phosphorothioate modifications in an RNA
molecule can influence the uptake of the molecule into a cell, for example the efficiency
of passive uptake of the molecule into a cell. Preferred embodiments of molecules
described herein have no 2°F modification and yet are characterized by equal efficacy in
cellular uptake and tissue penetration. Such molecules represent a significant
improvement over prior art, such as molecules described by Accell and Wolfrum, which
are heavily modified with extensive use of 2°F.

In some embodiments, a guide strand is approximately 18-19 nucleotides in
length and has approximately 2-14 phosphate modifications. For example, a guide
strand can contain 2, 3,4, 5,6, 7, 8,9, 10, 11, 12, 13, 14 or more than 14 nucleotides that
are phosphate-modified. The guide strand may contain one or more modifications that
confer increased stability without interfering with RISC entry. The phosphate modified
nucleotides, such as phosphorothioate modified nucleotides, can be at the 3’ end, 5’ end
or spread throughout the guide strand. In some embodiments, the 3’ terminal 10
nucleotides of the guide strand contains 1, 2, 3,4, 5, 6, 7, 8, 9 or 10 phosphorothioate
modified nucleotides. The guide strand can also contain 2°F and/or 2’OMe
modifications, which can be located throughout the molecule. In some embodiments, the
nucleotide in position one of the guide strand (the nucleotide in the most 5’ position of
the guide strand) is 2°0OMe modified and/or phosphorylated. C and U nucleotides within
the guide strand can be 2’F modified. For example, C and U nucleotides in positions 2-
10 of a 19 nt guide strand (or corresponding positions in a guide strand of a different
length) can be 2°F modified. C and U nucleotides within the guide strand can also be
2’0OMe modified. For example, C and U nucleotides in positions 11-18 of a 19 nt guide
strand (or corresponding positions in a guide strand of a different length) can be 2°’0OMe
modified. In some embodiments, the nucleotide at the most 3° end of the guide strand is
unmodified. In certain embodiments, the majority of Cs and Us within the guide strand
are 2’F modified and the 5° end of the guide strand is phosphorylated. In other
embodiments, position 1 and the Cs or Us in positions 11-18 are 2°’0OMe modified and
the 5” end of the guide strand is phosphorylated. In other embodiments, position 1 and
the Cs or Us in positions 11-18 are 2°’0OMe modified, the 5’ end of the guide strand is
phosphorylated, and the Cs or Us in position 2-10 are 2’F modified.

In some aspects, an optimal passenger strand is approximately 11-14 nucleotides

in length. The passenger strand may contain modifications that confer increased
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stability. One or more nucleotides in the passenger strand can be 2°’OMe modified. In
some embodiments, one or more of the C and/or U nucleotides in the passenger strand is
2’0OMe modified, or all of the C and U nucleotides in the passenger strand are 2°’OMe
modified. In certain embodiments, all of the nucleotides in the passenger strand are
2’0OMe modified. One or more of the nucleotides on the passenger strand can also be
phosphate-modified such as phosphorothioate modified. The passenger strand can also
contain 2’ ribo, 2’F and 2 deoxy modifications or any combination of the above. As
demonstrated in the Examples, chemical modification patterns on both the guide and
passenger strand are well tolerated and a combination of chemical modifications is
shown herein to lead to increased efficacy and self-delivery of RNA molecules.

Aspects of the invention relate to RNAi constructs that have extended single-
stranded regions relative to double stranded regions, as compared to molecules that have
been used previously for RNAi. The single stranded region of the molecules may be
modified to promote cellular uptake or gene silencing. In some embodiments,
phosphorothioate modification of the single stranded region influences cellular uptake
and/or gene silencing. The region of the guide strand that is phosphorothioate modified
can include nucleotides within both the single stranded and double stranded regions of
the molecule. In some embodiments, the single stranded region includes 2-12
phosphorothioate modifications. For example, the single stranded region can include 2,
3,4,5,6,7,8,9, 10, 11, or 12 phosphorothioate modifications. In some instances, the
single stranded region contains 6-8 phosphorothioate modifications.

Molecules associated with the invention are also optimized for cellular uptake. In
RNA molecules described herein, the guide and/or passenger strands can be attached to a
conjugate. In certain embodiments the conjugate is hydrophobic. The hydrophobic
conjugate can be a small molecule with a partition coefficient that is higher than 10. The
conjugate can be a sterol-type molecule such as cholesterol, or a molecule with an
increased length polycarbon chain attached to C17, and the presence of a conjugate can
influence the ability of an RNA molecule to be taken into a cell with or without a lipid
transfection reagent. The conjugate can be attached to the passenger or guide strand
through a hydrophobic linker. In some embodiments, a hydrophobic linker is 5-12C in
length, and/or is hydroxypyrrolidine-based. In some embodiments, a hydrophobic
conjugate is attached to the passenger strand and the CU residues of either the passenger

and/or guide strand are modified. In some embodiments, at least 50%, 55%, 60%, 65%,
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70%, 75%, 80%, 85%, 90% or 95% of the CU residues on the passenger strand and/or
the guide strand are modified. In some aspects, molecules associated with the invention
are self-delivering (sd). As used herein, “self-delivery” refers to the ability of a molecule
to be delivered into a cell without the need for an additional delivery vehicle such as a
transfection reagent.

Aspects of the invention relate to selecting molecules for use in RNAI.
Molecules that have a double stranded region of 8-15 nucleotides can be selected for use
in RNAi. In some embodiments, molecules are selected based on their thermodynamic
stability (AG). In some embodiments, molecules will be selected that have a (AG) of less
than -13 kkal/mol. For example, the (AG) value may be -13, -14, -15, -16, -17, -18, -19,
-21, -22 or less than -22 kkal/mol. In other embodiments, the (AG) value may be higher
than -13 kkal/mol. For example, the (AG) value may be -12, -11, -10, -9, -8, -7 or more
than -7 kkal/mol. It should be appreciated that AG can be calculated using any method
known in the art. In some embodiments AG is calculated using Mfold, available through
the Mfold internet site (http://mfold.bioinfo.rpi.edu/cgi-bin/rna-form1.cgi). Methods for
calculating AG are described in, and are incorporated by reference from, the following
references: Zuker, M. (2003) Nucleic Acids Res., 31(13):3406-15; Mathews, D. H.,
Sabina, J., Zuker, M. and Turner, D. H. (1999) J. Mol. Biol. 288:911-940; Mathews, D.
H., Disney, M. D., Childs, J. L., Schroeder, S. J., Zuker, M., and Turner, D. H. (2004)
Proc. Natl. Acad. Sci. 101:7287-7292; Duan, S., Mathews, D. H., and Turner, D. H.
(2006) Biochemistry 45:9819-9832; Wuchty, S., Fontana, W., Hofacker, I. L., and
Schuster, P. (1999) Biopolymers 49:145-165.

In certain embodiments, the polynucleotide contains 5'- and/or 3'-end overhangs .
The number and/or sequence of nucleotides overhang on one end of the polynucleotide
may be the same or different from the other end of the polynucleotide. In certain
embodiments, one or more of the overhang nucleotides may contain chemical

modification(s), such as phosphorothioate or 2’-OMe modification.

In certain embodiments, the polynucleotide is unmodified. In other
embodiments, at least one nucleotide is modified. In further embodiments, the
modification includes a 2°-H or 2’-modified ribose sugar at the 2nd nucleotide from the
5’-end of the guide sequence. The "2nd nucleotide" is defined as the second nucleotide

from the 5'-end of the polynucleotide.
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As used herein, “2’-modified ribose sugar” includes those ribose sugars that do
not have a 2’-OH group. “2’-modified ribose sugar” does not include 2’-deoxyribose
(found in unmodified canonical DNA nucleotides). For example, the 2’-modified ribose
sugar may be 2'-O-alkyl nucleotides, 2'-deoxy-2'-fluoro nucleotides, 2'-deoxy

nucleotides, or combination thereof.

In certain embodiments, the 2’-modified nucleotides are pyrimidine nucleotides
(e.g., C/U). Examples of 2’-O-alkyl nucleotides include 2’-O-methyl nucleotides, or 2'-
O-allyl nucleotides.

In certain embodiments, the sd-rxRNA polynucleotide of the invention with the
above-referenced 5'-end modification exhibits significantly (e.g., at least about 25%,
30%, 35%, 40%, 45%, 50%, 55%, 60%. 65%, 70%, 75%, 80%, 85%, 90% or more) less
“off-target” gene silencing when compared to similar constructs without the specified 5'-
end modification, thus greatly improving the overall specificity of the RNA1 reagent or

therapeutics.

As used herein, “off-target” gene silencing refers to unintended gene silencing
due to, for example, spurious sequence homology between the antisense (guide)

sequence and the unintended target mRNA sequence.

According to this aspect of the invention, certain guide strand modifications
further increase nuclease stability, and/or lower interferon induction, without

significantly decreasing RNA1 activity (or no decrease in RNAI activity at all).

In some embodiments, wherein the RN A1 construct involves a hairpin, the 5'-
stem sequence may comprise a 2’-modified ribose sugar, such as 2'-O-methyl modified
nucleotide, at the 2™ nucleotide on the 5’-end of the polynucleotide and, in some
embodiments, no other modified nucleotides. The hairpin structure having such
modification may have enhanced target specificity or reduced off-target silencing

compared to a similar construct without the 2’-O-methyl modification at said position.

Certain combinations of specific 5'-stem sequence and 3'-stem sequence
modifications may result in further unexpected advantages, as partly manifested by
enhanced ability to inhibit target gene expression, enhanced serum stability, and/or

increased target specificity, etc.

In certain embodiments, the guide strand comprises a 2’-O-methyl moditied
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nucleotide at the 2™ nucleotide on the 5’-end of the guide strand and no other modified

nucleotides.

In other aspects, the sd-rxRNA structures of the present invention mediates
sequence-dependent gene silencing by a microRNA mechanism. As used herein, the
term “microRNA” (“miRNA”), also referred to in the art as “small temporal RNAs”
(“stRNAs”), refers to a small (10-50 nucleotide) RNA which are genetically encoded
(e.g., by viral, mammalian, or plant genomes) and are capable of directing or mediating
RNA silencing. An “miRNA disorder” shall refer to a disease or disorder characterized

by an aberrant expression or activity of an miRNA.

microRNAs are involved in down-regulating target genes in critical pathways,
such as development and cancer, in mice, worms and mammals. Gene silencing through
a microRNA mechanism is achieved by specific yet imperfect base-pairing of the
miRNA and its target messenger RNA (mRNA). Various mechanisms may be used in

microRNA-mediated down-regulation of target mRNA expression.

miRNAs are noncoding RNAs of approximately 22 nucleotides which can

regulate gene expression at the post transcriptional or translational level during plant and
animal development. One common feature of miRNAs is that they are all excised from
an approximately 70 nucleotide precursor RNA stem-loop termed pre-miRNA, probably
by Dicer, an RNase III-type enzyme, or a homolog thereof. Naturally-occurring
miRNAs are expressed by endogenous genes in vivo and are processed from a hairpin or
stem-loop precursor (pre-miRNA or pri-miRNAs) by Dicer or other RNAses. miRNAs
can exist transiently in vivo as a double-stranded duplex but only one strand is taken up

by the RISC complex to direct gene silencing.

In some embodiments a version of sd-rxRNA compounds, which are effective in
cellular uptake and inhibiting of miRNA activity are described. Essentially the
compounds are similar to RISC entering version but large strand chemical modification
patterns are optimized in the way to block cleavage and act as an effective inhibitor of
the RISC action. For example, the compound might be completely or mostly Omethyl
modified with the PS content described previously. For these types of compounds the 5’
phosphorilation is not necessary. The presence of double stranded region is preferred as

it is promotes cellular uptake and efficient RISC loading.

Another pathway that uses small RNAs as sequence-specific regulators is the
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RNA interference (RNA1) pathway, which is an evolutionarily conserved response to the
presence of double-stranded RNA (dsRNA) in the cell. The dsRNAs are cleaved into

~20-base pair (bp) duplexes of small-interfering RNAs (siRNAs) by Dicer. These small
RNAs get assembled into multiprotein effector complexes called RNA-induced silencing
complexes (RISCs). The siRNAs then guide the cleavage of target mRNAs with perfect

complementarity.

Some aspects of biogenesis, protein complexes, and function are shared between
the siRNA pathway and the miRNA pathway. The subject single-stranded
polynucleotides may mimic the dsRNA in the siRNA mechanism, or the microRNA in

the miRNA mechanism.

In certain embodiments, the modified RNAi constructs may have improved
stability in serum and/or cerebral spinal fluid compared to an unmodified RNAi

constructs having the same sequence.

In certain embodiments, the structure of the RN A1 construct does not induce
interferon response in primary cells, such as mammalian primary cells, including primary
cells from human, mouse and other rodents, and other non-human mammals. In certain
embodiments, the RNAi construct may also be used to inhibit expression of a target gene

in an invertebrate organism.

To further increase the stability of the subject constructs in vivo, the 3’-end of the
hairpin structure may be blocked by protective group(s). For example, protective groups
such as inverted nucleotides, inverted abasic moieties, or amino-end modified
nucleotides may be used. Inverted nucleotides may comprise an inverted
deoxynucleotide. Inverted abasic moieties may comprise an inverted deoxyabasic

moiety, such as a 3',3'-linked or 5',5'-linked deoxyabasic moiety.

The RNAI constructs of the invention are capable of inhibiting the synthesis of
any target protein encoded by target gene(s). The invention includes methods to inhibit
expression of a target gene either in a cell in vitro, or in vivo. As such, the RNAi
constructs of the invention are useful for treating a patient with a disease characterized

by the overexpression of a target gene.

The target gene can be endogenous or exogenous (e.g., introduced into a cell by a

virus or using recombinant DNA technology) to a cell. Such methods may include
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introduction of RNA into a cell in an amount sufficient to inhibit expression of the target
gene. By way of example, such an RNA molecule may have a guide strand that is
complementary to the nucleotide sequence of the target gene, such that the composition

inhibits expression of the target gene.

The invention also relates to vectors expressing the subject hairpin constructs,
and cells comprising such vectors or the subject hairpin constructs. The cell may be a

mammalian cell in vivo or in culture, such as a human cell.

The invention further relates to compositions comprising the subject RNAi

constructs, and a pharmaceutically acceptable carrier or diluent.

Another aspect of the invention provides a method for inhibiting the expression
of a target gene in a mammalian cell, comprising contacting the mammalian cell with

any of the subject RNAi constructs.

The method may be carried out in vitro, ex vivo, or in vivo, in, for example,

mammalian cells in culture, such as a human cell in culture.

The target cells (e.g., mammalian cell) may be contacted in the presence of a

delivery reagent, such as a lipid (e.g., a cationic lipid) or a liposome.

Another aspect of the invention provides a method for inhibiting the expression
of a target gene in a mammalian cell, comprising contacting the mammalian cell with a

vector expressing the subject RNAi constructs.

In one aspect of the invention, a longer duplex polynucleotide is provided,
including a first polynucleotide that ranges in size from about 16 to about 30 nucleotides;
a second polynucleotide that ranges in size from about 26 to about 46 nucleotides,
wherein the first polynucleotide (the antisense strand) is complementary to both the
second polynucleotide (the sense strand) and a target gene, and wherein both
polynucleotides form a duplex and wherein the first polynucleotide contains a single
stranded region longer than 6 bases in length and is modified with alternative chemical
modification pattern, and/or includes a conjugate moiety that facilitates cellular delivery.
In this embodiment, between about 40% to about 90% of the nucleotides of the
passenger strand between about 40% to about 90% of the nucleotides of the guide strand,
and between about 40% to about 90% of the nucleotides of the single stranded region of

the first polynucleotide are chemically modified nucleotides.
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In an embodiment, the chemically modified nucleotide in the polynucleotide
duplex may be any chemically modified nucleotide known in the art, such as those
discussed in detail above. In a particular embodiment, the chemically modified
nucleotide is selected from the group consisting of 2° F modified nucleotides ,2'-O-
methyl modified and 2’deoxy nucleotides. In another particular embodiment, the
chemically modified nucleotides results from “hydrophobic modifications™ of the
nucleotide base. In another particular embodiment, the chemically modified nucleotides
are phosphorothioates. In an additional particular embodiment, chemically modified
nucleotides are combination of phosphorothioates, 2’-O-methyl, 2’deoxy, hydrophobic
modifications and phosphorothioates. As these groups of modifications refer to
modification of the ribose ring, back bone and nucleotide, it is feasible that some
modified nucleotides will carry a combination of all three modification types.

In another embodiment, the chemical modification is not the same across the
various regions of the duplex. In a particular embodiment, the first polynucleotide (the
passenger strand), has a large number of diverse chemical modifications in various
positions. For this polynucleotide up to 90% of nucleotides might be chemically
modified and/or have mismatches introduced. In another embodiment, chemical
modifications of the first or second polynucleotide include, but not limited to, 5’ position
modification of Uridine and Cytosine (4-pyridyl, 2-pyridyl, indolyl, phenyl (CcHsOH);
tryptophanyl (C8H6N)CH2CH(NH2)CO), isobutyl, butyl, aminobenzyl; phenyl;
naphthyl, etc), where the chemical modification might alter base pairing capabilities of a
nucleotide. For the guide strand an important feature of this aspect of the invention is the
position of the chemical modification relative to the 5° end of the antisense and
sequence. For example, chemical phosphorylation of the 5° end of the guide strand is
usually beneficial for efficacy. O-methyl modifications in the seed region of the sense
strand (position 2-7 relative to the 5° end) are not generally well tolerated, whereas 2’F
and deoxy are well tolerated. The mid part of the guide strand and the 3 end of the
guide strand are more permissive in a type of chemical modifications applied. Deoxy
modifications are not tolerated at the 3" end of the guide strand.

A unique feature of this aspect of the invention involves the use of hydrophobic
modification on the bases. In one embodiment, the hydrophobic modifications are
preferably positioned near the 5 end of the guide strand, in other embodiments, they

localized in the middle of the guides strand, in other embodiment they localized at the 3’
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end of the guide strand and yet in another embodiment they are distributed thought the
whole length of the polynucleotide. The same type of patterns is applicable to the

passenger strand of the duplex.

The other part of the molecule is a single stranded region. The single stranded

region is expected to range from 6 to 40 nucleotides.

In one embodiment, the single stranded region of the first polynucleotide contains
modifications selected from the group consisting of between 40% and 90% hydrophobic
base modifications, between 40%-90% phosphorothioates, between 40% -90%

modification of the ribose moiety, and any combination of the preceding.

Efficiency of guide strand (first polynucleotide) loading into the RISC complex
might be altered for heavily modified polynucleotides, so in one embodiment, the duplex
polynucleotide includes a mismatch between nucleotide 9, 11, 12, 13, or 14 on the guide
strand (first polynucleotide) and the opposite nucleotide on the sense strand (second

polynucleotide) to promote efficient guide strand loading.

More detailed aspects of the invention are described in the sections below.
Duplex Characteristics

Double-stranded oligonucleotides of the invention may be formed by two
separate complementary nucleic acid strands. Duplex formation can occur either inside

or outside the cell containing the target gene.

As used herein, the term “duplex” includes the region of the double-stranded
nucleic acid molecule(s) that is (are) hydrogen bonded to a complementary sequence.
Double-stranded oligonucleotides of the invention may comprise a nucleotide sequence
that is sense to a target gene and a complementary sequence that is antisense to the target
gene. The sense and antisense nucleotide sequences correspond to the target gene
sequence, e.g., are identical or are sufficiently identical to effect target gene inhibition
(e.g., are about at least about 98% identical, 96% identical, 94%, 90% identical, 85%

identical, or 80% identical) to the target gene sequence.

In certain embodiments, the double-stranded oligonucleotide of the invention is
double-stranded over its entire length, i.e., with no overhanging single-stranded sequence
at either end of the molecule, i.e., is blunt-ended. In other embodiments, the individual

nucleic acid molecules can be of different lengths. In other words, a double-stranded
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oligonucleotide of the invention is not double-stranded over its entire length. For
instance, when two separate nucleic acid molecules are used, one of the molecules, e.g.,
the first molecule comprising an antisense sequence, can be longer than the second
molecule hybridizing thereto (leaving a portion of the molecule single-stranded).
Likewise, when a single nucleic acid molecule is used a portion of the molecule at either

end can remain single-stranded.

In one embodiment, a double-stranded oligonucleotide of the invention contains
mismatches and/or loops or bulges, but is double-stranded over at least about 70% of the
length of the oligonucleotide. In another embodiment, a double-stranded oligonucleotide
of the invention is double-stranded over at least about 80% of the length of the
oligonucleotide. In another embodiment, a double-stranded oligonucleotide of the
invention is double-stranded over at least about 90%-95% of the length of the
oligonucleotide. In another embodiment, a double-stranded oligonucleotide of the
invention is double-stranded over at least about 96%-98% of the length of the
oligonucleotide. In certain embodiments, the double-stranded oligonucleotide of the
invention contains at leastorupto 1,2,3,4,5,6,7,8,9, 10, 11, 12, 13, 14, or 15

mismatches.

Modifications

The nucleotides of the invention may be modified at various locations, including
the sugar moiety, the phosphodiester linkage, and/or the base.

In some embodiments, the base moiety of a nucleoside may be modified. For
example, a pyrimidine base may be modified at the 2, 3, 4, 5, and/or 6 position of the
pyrimidine ring. In some embodiments, the exocyclic amine of cytosine may be
modified. A purine base may also be modified. For example, a purine base may be
modified at the 1, 2, 3, 6, 7, or § position. In some embodiments, the exocyclic amine of
adenine may be modified. In some cases, a nitrogen atom in a ring of a base moiety may
be substituted with another atom, such as carbon. A modification to a base moiety may
be any suitable modification. Examples of modifications are known to those of ordinary
skill in the art. In some embodiments, the base modifications include alkylated purines
or pyrimidines, acylated purines or pyrimidines, or other heterocycles.

In some embodiments, a pyrimidine may be modified at the 5 position. For
example, the 5 position of a pyrimidine may be modified with an alkyl group, an alkynyl

group, an alkenyl group, an acyl group, or substituted derivatives thereof. In other

34



10

15

20

25

30

WO 2015/085113 PCT/US2014/068654

examples, the 5 position of a pyrimidine may be modified with a hydroxyl group or an
alkoxyl group or substituted derivative thereof. Also, the N* position of a pyrimidine
may be alkylated. In still further examples, the pyrimidine 5-6 bond may be saturated, a
nitrogen atom within the pyrimidine ring may be substituted with a carbon atom, and/or
the O* and O" atoms may be substituted with sulfur atoms. It should be understood that
other modifications are possible as well.

In other examples, the N’ position and/or N* and/or N’ position of a purine may
be modified with an alkyl group or substituted derivative thereof. In further examples, a
third ring may be fused to the purine bicyclic ring system and/or a nitrogen atom within
the purine ring system may be substituted with a carbon atom. It should be understood
that other modifications are possible as well.

Non-limiting examples of pyrimidines modified at the 5 position are disclosed in
U.S. Patent 5591843, U.S. Patent 7,205,297, U.S. Patent 6,432,963, and U.S. Patent
6,020,483; non-limiting examples of pyrimidines modified at the N* position are
disclosed in U.S Patent 5,580,731; non-limiting examples of purines modified at the §
position are disclosed in U.S. Patent 6,355,787 and U.S. Patent 5,580,972; non-limiting
examples of purines modified at the N° position are disclosed in U.S. Patent 4,853,386,
U.S. Patent 5,789,416, and U.S. Patent 7,041,824; and non-limiting examples of purines
modified at the 2 position are disclosed in U.S. Patent 4,201,860 and U.S. Patent
5,587,469, all of which are incorporated herein by reference.

Non-limiting examples of modified bases include N* N*-ethanocytosine, 7-
deazaxanthosine, 7-deazaguanosine, 8-0x0-N° -methyladenine, 4-acetylcytosine, 5-
(carboxyhydroxylmethyl) uracil, 5-fluorouracil, 5-bromouracil, 5-
carboxymethylaminomethyl-2-thiouracil, 5-carboxymethylaminomethyl uracil,
dihydrouracil, inosine, N° -isopentenyl-adenine, 1-methyladenine, 1-methylpseudouracil,
I-methylguanine, 1-methylinosine, 2,2-dimethylguanine, 2-methyladenine, 2-
methylguanine, 3-methylcytosine, 5-methylcytosine, N° -methyladenine, 7-
methylguanine, 5-methylaminomethyl uracil, 5-methoxy aminomethyl-2-thiouracil, 5-
methoxyuracil, 2—methy1thio—N6 -isopentenyladenine, pseudouracil, 5-methyl-2-thiouracil,
2-thiouracil, 4-thiouracil, 5-methyluracil, 2-thiocytosine, and 2,6-diaminopurine. In
some embodiments, the base moiety may be a heterocyclic base other than a purine or

pyrimidine. The heterocyclic base may be optionally modified and/or substituted.
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Sugar moieties include natural, unmodified sugars, e.g., monosaccharide (such as
pentose, e.g., ribose, deoxyribose), modified sugars and sugar analogs. In general,
possible modifications of nucleomonomers, particularly of a sugar moiety, include, for
example, replacement of one or more of the hydroxyl groups with a halogen, a
heteroatom, an aliphatic group, or the functionalization of the hydroxyl group as an
ether, an amine, a thiol, or the like.

One particularly useful group of modified nucleomonomers are 2°-O-methyl
nucleotides. Such 2’-O-methyl nucleotides may be referred to as “methylated,” and the
corresponding nucleotides may be made from unmethylated nucleotides followed by
alkylation or directly from methylated nucleotide reagents. Modified nucleomonomers
may be used in combination with unmodified nucleomonomers. For example, an
oligonucleotide of the invention may contain both methylated and unmethylated
nucleomonomers.

Some exemplary modified nucleomonomers include sugar- or backbone-modified
ribonucleotides. Modified ribonucleotides may contain a non-naturally occurring base
(instead of a naturally occurring base), such as uridines or cytidines modified at the 5’-
position, e.g., 5’-(2-amino)propyl uridine and 5’-bromo uridine; adenosines and
guanosines modified at the 8-position, e.g., 8-bromo guanosine; deaza nucleotides, e.g.,
7-deaza-adenosine; and N-alkylated nucleotides, e.g., N6-methyl adenosine. Also,
sugar-modified ribonucleotides may have the 2’-OH group replaced by a H, alxoxy (or
OR), R or alkyl, halogen, SH, SR, amino (such as NH,, NHR, NR» ), or CN group,
wherein R is lower alkyl, alkenyl, or alkynyl.

Modified ribonucleotides may also have the phosphodiester group connecting to
adjacent ribonucleotides replaced by a modified group, e.g., of phosphorothioate group.
More generally, the various nucleotide modifications may be combined.

Although the antisense (guide) strand may be substantially identical to at least a
portion of the target gene (or genes), at least with respect to the base pairing properties,
the sequence need not be perfectly identical to be useful, e.g., to inhibit expression of a
target gene's phenotype. Generally, higher homology can be used to compensate for the
use of a shorter antisense gene. In some cases, the antisense strand generally will be
substantially identical (although in antisense orientation) to the target gene.

The use of 2’-O-methyl modified RNA may also be beneficial in circumstances in

which it is desirable to minimize cellular stress responses. RNA having 2’-O-methyl
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nucleomonomers may not be recognized by cellular machinery that is thought to
recognize unmodified RNA. The use of 2’-O-methylated or partially 2'-O-methylated
RNA may avoid the interferon response to double-stranded nucleic acids, while
maintaining target RNA inhibition. This may be useful, for example, for avoiding the
interferon or other cellular stress responses, both in short RNAi (e.g., siRNA) sequences
that induce the interferon response, and in longer RNA1 sequences that may induce the
interferon response.

Overall, modified sugars may include D-ribose, 2'-O-alkyl (including 2'-O-
methyl and 2'-O-ethyl), i.e., 2'-alkoxy, 2'-amino, 2'-S-alkyl, 2"-halo (including 2'-fluoro),
2'- methoxyethoxy, 2'-allyloxy (-OCH,CH=CH,), 2'-propargyl, 2'-propyl, ethynyl,
ethenyl, propenyl, and cyano and the like. In one embodiment, the sugar moiety can be a
hexose and incorporated into an oligonucleotide as described (Augustyns, K., ef al.,
Nucl. Acids. Res. 18:4711 (1992)). Exemplary nucleomonomers can be found, e.g., in
U.S. Pat. No. 5,849,902, incorporated by reference herein.

Definitions of specific functional groups and chemical terms are described in
more detail below. For purposes of this invention, the chemical elements are identified
in accordance with the Periodic Table of the Elements, CAS version, Handbook of
Chemistry and Physics, 75" Ed., inside cover, and specific functional groups are
generally defined as described therein. Additionally, general principles of organic
chemistry, as well as specific functional moieties and reactivity, are described in Organic
Chemistry, Thomas Sorrell, University Science Books, Sausalito: 1999, the entire
contents of which are incorporated herein by reference.

Certain compounds of the present invention may exist in particular geometric or
stereoisomeric forms. The present invention contemplates all such compounds,
including cis- and trans-isomers, R- and S-enantiomers, diastereomers, (D)-isomers, (I)-
isomers, the racemic mixtures thereof, and other mixtures thereof, as falling within the
scope of the invention. Additional asymmetric carbon atoms may be present in a
substituent such as an alkyl group. All such isomers, as well as mixtures thereof, are
intended to be included in this invention.

Isomeric mixtures containing any of a variety of isomer ratios may be utilized in
accordance with the present invention. For example, where only two isomers are
combined, mixtures containing 50:50, 60:40, 70:30, 80:20, 90:10, 95:5, 96:4, 97:3, 98:2,

99:1, or 100:0 isomer ratios are all contemplated by the present invention. Those of
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ordinary skill in the art will readily appreciate that analogous ratios are contemplated for
more complex isomer mixtures.

If, for instance, a particular enantiomer of a compound of the present invention is
desired, it may be prepared by asymmetric synthesis, or by derivation with a chiral
auxiliary, where the resulting diastereomeric mixture is separated and the auxiliary group
cleaved to provide the pure desired enantiomers. Alternatively, where the molecule
contains a basic functional group, such as amino, or an acidic functional group, such as
carboxyl, diastereomeric salts are formed with an appropriate optically-active acid or
base, followed by resolution of the diastereomers thus formed by fractional
crystallization or chromatographic means well known in the art, and subsequent recovery
of the pure enantiomers.

In certain embodiments, oligonucleotides of the invention comprise 3' and 5’
termini (except for circular oligonucleotides). In one embodiment, the 3’ and 5' termini
of an oligonucleotide can be substantially protected from nucleases e.g., by modifying
the 3’ or 5’ linkages (e.g., U.S. Pat. No. 5,849,902 and WO 98/13526). For example,
oligonucleotides can be made resistant by the inclusion of a “blocking group.” The term
“blocking group” as used herein refers to substituents (e.g., other than OH groups) that
can be attached to oligonucleotides or nucleomonomers, either as protecting groups or
coupling groups for synthesis (e.g., FITC, propyl (CH,-CH,-CH3), glycol (-O-CH,-CH,-
O-) phosphate (POs>), hydrogen phosphonate, or phosphoramidite). “Blocking groups”
also include “end blocking groups” or “exonuclease blocking groups” which protect the
5" and 3’ termini of the oligonucleotide, including modified nucleotides and non-
nucleotide exonuclease resistant structures.

Exemplary end-blocking groups include cap structures (e.g., a 7-methylguanosine
cap), inverted nucleomonomers, e.g., with 3'-3" or 5’-5' end inversions (see, e.g.,
Ortiagao et al. 1992. Antisense Res. Dev. 2:129), methylphosphonate, phosphoramidite,
non-nucleotide groups (e.g., non-nucleotide linkers, amino linkers, conjugates) and the
like. The 3’ terminal nucleomonomer can comprise a modified sugar moiety. The 3’
terminal nucleomonomer comprises a 3’-O that can optionally be substituted by a
blocking group that prevents 3’-exonuclease degradation of the oligonucleotide. For
example, the 3’-hydroxyl can be esterified to a nucleotide through a 3'—3’
internucleotide linkage. For example, the alkyloxy radical can be methoxy, ethoxy, or

isopropoxy, and preferably, ethoxy. Optionally, the 3'—=3'linked nucleotide at the 3’
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terminus can be linked by a substitute linkage. To reduce nuclease degradation, the 5’
most 3'—5" linkage can be a modified linkage, e.g., a phosphorothioate or a P-
alkyloxyphosphotriester linkage. Preferably, the two 5" most 3'—5' linkages are
modified linkages. Optionally, the 5’ terminal hydroxy moiety can be esterified with a
phosphorus containing moiety, e.g., phosphate, phosphorothioate, or P-ethoxyphosphate.
One of ordinary skill in the art will appreciate that the synthetic methods, as
described herein, utilize a variety of protecting groups. By the term “protecting group,”
as used herein, it is meant that a particular functional moiety, e.g., O, S, or N, is
temporarily blocked so that a reaction can be carried out selectively at another reactive
site in a multifunctional compound. In certain embodiments, a protecting group reacts
selectively in good yield to give a protected substrate that is stable to the projected
reactions; the protecting group should be selectively removable in good yield by readily
available, preferably non-toxic reagents that do not attack the other functional groups;
the protecting group forms an easily separable derivative (more preferably without the
generation of new stereogenic centers); and the protecting group has a minimum of
additional functionality to avoid further sites of reaction. As detailed herein, oxygen,
sulfur, nitrogen, and carbon protecting groups may be utilized. Hydroxyl protecting
groups include methyl, methoxylmethyl (MOM), methylthiomethyl (MTM), #-
butylthiomethyl, (phenyldimethylsilyl)methoxymethyl (SMOM), benzyloxymethyl
(BOM), p-methoxybenzyloxymethyl (PMBM), (4-methoxyphenoxy)methyl (p-AOM),
guaiacolmethyl (GUM), ¢-butoxymethyl, 4-pentenyloxymethyl (POM), siloxymethyl, 2-
methoxyethoxymethyl (MEM), 2,2,2-trichloroethoxymethyl, bis(2-chloroethoxy)methyl,
2-(trimethylsilyl)ethoxymethyl (SEMOR), tetrahydropyranyl (THP), 3-
bromotetrahydropyranyl, tetrahydrothiopyranyl, 1-methoxycyclohexyl, 4-
methoxytetrahydropyranyl (MTHP), 4-methoxytetrahydrothiopyranyl, 4-
methoxytetrahydrothiopyranyl S,S-dioxide, 1-[(2-chloro-4-methyl)phenyl]-4-
methoxypiperidin-4-yl (CTMP), 1,4-dioxan-2-yl, tetrahydrofuranyl,
tetrahydrothiofuranyl, 2,3,3a,4,5,6,7,7a-octahydro-7,8,8-trimethyl-4,7-
methanobenzofuran-2-yl, 1-ethoxyethyl, 1-(2-chloroethoxy)ethyl, 1-methyl-1-
methoxyethyl, 1-methyl-1-benzyloxyethyl, 1-methyl-1-benzyloxy-2-fluoroethyl, 2,2,2-
trichloroethyl, 2-trimethylsilylethyl, 2-(phenylselenyl)ethyl, -butyl, allyl, p-
chlorophenyl, p-methoxyphenyl, 2,4-dinitrophenyl, benzyl, p-methoxybenzyl, 3,4-
dimethoxybenzyl, o-nitrobenzyl, p-nitrobenzyl, p-halobenzyl, 2,6-dichlorobenzyl, p-
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cyanobenzyl, p-phenylbenzyl, 2-picolyl, 4-picolyl, 3-methyl-2-picolyl N-oxido,
diphenylmethyl, p,p’-dinitrobenzhydryl, 5-dibenzosuberyl, triphenylmethyl, a-
naphthyldiphenylmethyl, p-methoxyphenyldiphenylmethyl, di(p-
methoxyphenyl)phenylmethyl, tri(p-methoxyphenyl)methyl, 4-(4'-
bromophenacyloxyphenyl)diphenylmethyl, 4,4',4"-tris(4,5-
dichlorophthalimidophenyl)methyl, 4,4',4"-tris(levulinoyloxyphenyl)methyl, 4,4',4"-
tris(benzoyloxyphenyl)methyl, 3-(imidazol-1-yl)bis(4',4"-dimethoxyphenyl)methyl, 1,1-
bis(4-methoxyphenyl)-1'-pyrenylmethyl, 9-anthryl, 9-(9-phenyl)xanthenyl, 9-(9-phenyl-
10-oxo)anthryl, 1,3-benzodithiolan-2-yl, benzisothiazolyl S,S-dioxido, trimethylsilyl
(TMS), triethylsilyl (TES), triisopropylsilyl (TIPS), dimethylisopropylsilyl IPDMS),
diethylisopropylsilyl (DEIPS), dimethylthexylsilyl, +-butyldimethylsilyl (TBDMS), -
butyldiphenylsilyl (TBDPS), tribenzylsilyl, tri-p-xylylsilyl, triphenylsilyl,
diphenylmethylsilyl (DPMS), ¢-butylmethoxyphenylsilyl (TBMPS), formate,
benzoylformate, acetate, chloroacetate, dichloroacetate, trichloroacetate, trifluoroacetate,
methoxyacetate, triphenylmethoxyacetate, phenoxyacetate, p-chlorophenoxyacetate, 3-
phenylpropionate, 4-oxopentanoate (levulinate), 4,4-(ethylenedithio)pentanoate
(levulinoyldithioacetal), pivaloate, adamantoate, crotonate, 4-methoxycrotonate,
benzoate, p-phenylbenzoate, 2,4,6-trimethylbenzoate (mesitoate), alkyl methyl
carbonate, 9-fluorenylmethyl carbonate (Fmoc), alkyl ethyl carbonate, alkyl 2,2,2-
trichloroethyl carbonate (Troc), 2-(trimethylsilyl)ethyl carbonate (TMSEC), 2-
(phenylsulfonyl) ethyl carbonate (Psec), 2-(triphenylphosphonio) ethyl carbonate (Peoc),
alkyl isobutyl carbonate, alkyl vinyl carbonate alkyl allyl carbonate, alkyl p-nitrophenyl
carbonate, alkyl benzyl carbonate, alkyl p-methoxybenzyl carbonate, alkyl 3,4-
dimethoxybenzyl carbonate, alkyl o-nitrobenzyl carbonate, alkyl p-nitrobenzyl
carbonate, alkyl S-benzyl thiocarbonate, 4-ethoxy-1-napththyl carbonate, methyl
dithiocarbonate, 2-iodobenzoate, 4-azidobutyrate, 4-nitro-4-methylpentanoate, o-
(dibromomethyl)benzoate, 2-formylbenzenesulfonate, 2-(methylthiomethoxy)ethyl, 4-
(methylthiomethoxy)butyrate, 2-(methylthiomethoxymethyl)benzoate, 2,6-dichloro-4-
methylphenoxyacetate, 2,6-dichloro-4-(1,1,3,3-tetramethylbutyl)phenoxyacetate, 2,4-
bis(1,1-dimethylpropyl)phenoxyacetate, chlorodiphenylacetate, isobutyrate,
monosuccinoate, (£)-2-methyl-2-butenoate, o-(methoxycarbonyl)benzoate, a-naphthoate,
nitrate, alkyl N,N,N’,N’-tetramethylphosphorodiamidate, alkyl N-phenylcarbamate,
borate, dimethylphosphinothioyl, alkyl 2,4-dinitrophenylsulfenate, sulfate,
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methanesulfonate (mesylate), benzylsulfonate, and tosylate (Ts). For protecting 1,2- or
1,3-diols, the protecting groups include methylene acetal, ethylidene acetal, 1-#-
butylethylidene ketal, 1-phenylethylidene ketal, (4-methoxyphenyl)ethylidene acetal,
2,2,2-trichloroethylidene acetal, acetonide, cyclopentylidene ketal, cyclohexylidene
ketal, cycloheptylidene ketal, benzylidene acetal, p-methoxybenzylidene acetal, 2,4-
dimethoxybenzylidene ketal, 3,4-dimethoxybenzylidene acetal, 2-nitrobenzylidene
acetal, methoxymethylene acetal, ethoxymethylene acetal, dimethoxymethylene ortho
ester, 1-methoxyethylidene ortho ester, 1-ethoxyethylidine ortho ester, 1,2-
dimethoxyethylidene ortho ester, a-methoxybenzylidene ortho ester, 1-(V,N-
dimethylamino)ethylidene derivative, a-(N,N’-dimethylamino)benzylidene derivative, 2-
oxacyclopentylidene ortho ester, di-r-butylsilylene group (DTBS), 1,3-(1,1,3,3-
tetraisopropyldisiloxanylidene) derivative (TIPDS), tetra-z-butoxydisiloxane-1,3-
diylidene derivative (TBDS), cyclic carbonates, cyclic boronates, ethyl boronate, and
phenyl boronate. Amino-protecting groups include methyl carbamate, ethyl carbamante,
9-fluorenylmethyl carbamate (Fmoc), 9-(2-sulfo)fluorenylmethyl carbamate, 9-(2,7-
dibromo)fluoroenylmethyl carbamate, 2,7-di--butyl-[9-(10,10-diox0-10,10,10,10-
tetrahydrothioxanthyl)]methyl carbamate (DBD-Tmoc), 4-methoxyphenacyl carbamate
(Phenoc), 2,2,2-trichloroethyl carbamate (Troc), 2-trimethylsilylethyl carbamate (Teoc),
2-phenylethyl carbamate (hZ), 1-(1-adamantyl)- 1-methylethyl carbamate (Adpoc), 1,1-
dimethyl-2-haloethyl carbamate, 1,1-dimethyl-2,2-dibromoethyl carbamate (DB--BOC),
1,1-dimethyl-2,2,2-trichloroethyl carbamate (TCBOC), 1-methyl-1-(4-biphenylyl)ethyl
carbamate (Bpoc), 1-(3,5-di-#-butylphenyl)- 1-methylethyl carbamate (#-Bumeoc), 2-(2'-
and 4'-pyridyl)ethyl carbamate (Pyoc), 2-(N, N-dicyclohexylcarboxamido)ethyl
carbamate, #-butyl carbamate (BOC), 1-adamantyl carbamate (Adoc), vinyl carbamate
(Voc), allyl carbamate (Alloc), 1-isopropylallyl carbamate (Ipaoc), cinnamyl carbamate
(Coc), 4-nitrocinnamyl carbamate (Noc), 8-quinolyl carbamate, N-hydroxypiperidinyl
carbamate, alkyldithio carbamate, benzyl carbamate (Cbz), p-methoxybenzyl carbamate
(Moz), p-nitobenzyl carbamate, p-bromobenzyl carbamate, p-chlorobenzyl carbamate,
2,4-dichlorobenzyl carbamate, 4-methylsulfinylbenzyl carbamate (Msz), 9-anthrylmethyl
carbamate, diphenylmethyl carbamate, 2-methylthioethyl carbamate, 2-
methylsulfonylethyl carbamate, 2-(p-toluenesulfonyl)ethyl carbamate, [2-(1,3-
dithianyl)Jmethyl carbamate (Dmoc), 4-methylthiophenyl carbamate (Mtpc), 2,4-
dimethylthiophenyl carbamate (Bmpc), 2-phosphonioethyl carbamate (Peoc), 2-
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triphenylphosphonioisopropyl carbamate (Ppoc), 1,1-dimethyl-2-cyanoethyl carbamate,
m-chloro-p-acyloxybenzyl carbamate, p-(dihydroxyboryl)benzyl carbamate, 5-
benzisoxazolylmethyl carbamate, 2-(trifluoromethyl)-6-chromonylmethyl carbamate
(Tcroc), m-nitrophenyl carbamate, 3,5-dimethoxybenzyl carbamate, o-nitrobenzyl
carbamate, 3,4-dimethoxy-6-nitrobenzyl carbamate, phenyl(o-nitrophenyl)methyl
carbamate, phenothiazinyl-(10)-carbonyl derivative, N'-p-toluenesulfonylaminocarbonyl
derivative, N'-phenylaminothiocarbonyl derivative, r-amyl carbamate, S-benzyl
thiocarbamate, p-cyanobenzyl carbamate, cyclobutyl carbamate, cyclohexyl carbamate,
cyclopentyl carbamate, cyclopropylmethyl carbamate, p-decyloxybenzyl carbamate, 2,2-
dimethoxycarbonylvinyl carbamate, o-(N,N-dimethylcarboxamido)benzyl carbamate,
1,1-dimethyl-3-(N,N-dimethylcarboxamido)propyl carbamate, 1,1-dimethylpropynyl
carbamate, di(2-pyridyl)methyl carbamate, 2-furanylmethyl carbamate, 2-iodoethyl
carbamate, isoborynl carbamate, isobutyl carbamate, isonicotinyl carbamate, p-(p'-
methoxyphenylazo)benzyl carbamate, 1-methylcyclobutyl carbamate, 1-
methylcyclohexyl carbamate, 1-methyl-1-cyclopropylmethyl carbamate, 1-methyl-1-
(3,5-dimethoxyphenyl)ethyl carbamate, 1-methyl-1-(p-phenylazophenyl)ethyl carbamate,
I-methyl-1-phenylethyl carbamate, 1-methyl-1-(4-pyridyl)ethyl carbamate, phenyl
carbamate, p-(phenylazo)benzyl carbamate, 2,4,6-tri-f-butylphenyl carbamate, 4-
(trimethylammonium)benzyl carbamate, 2,4,6-trimethylbenzyl carbamate, formamide,
acetamide, chloroacetamide, trichloroacetamide, trifluoroacetamide, phenylacetamide, 3-
phenylpropanamide, picolinamide, 3-pyridylcarboxamide, N-benzoylphenylalanyl
derivative, benzamide, p-phenylbenzamide, o-nitophenylacetamide, o-
nitrophenoxyacetamide, acetoacetamide, (N -dithiobenzyloxycarbonylamino)acetamide,
3-(p-hydroxyphenyl)propanamide, 3-(o-nitrophenyl)propanamide, 2-methyl-2-(o-
nitrophenoxy)propanamide, 2-methyl-2-(o-phenylazophenoxy)propanamide,
4-chlorobutanamide, 3-methyl-3-nitrobutanamide, o-nitrocinnamide, N-acetylmethionine
derivative, o-nitrobenzamide, o-(benzoyloxymethyl)benzamide, 4,5-diphenyl-3-
oxazolin-2-one, N-phthalimide, N-dithiasuccinimide (Dts), N-2,3-diphenylmaleimide, N-
2,5-dimethylpyrrole, N-1,1,4,4-tetramethyldisilylazacyclopentane adduct (STABASE),
S-substituted 1,3-dimethyl-1,3,5-triazacyclohexan-2-one, S-substituted 1,3-dibenzyl-
1,3,5-triazacyclohexan-2-one, 1-substituted 3,5-dinitro-4-pyridone, N-methylamine, N-
allylamine, N-[2-(trimethylsilyl)ethoxy]methylamine (SEM), N-3-acetoxypropylamine,

N-(1-isopropyl-4-nitro-2-oxo-3-pyroolin-3-yl)amine, quaternary ammonium salts, N-
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benzylamine, N-di(4-methoxyphenyl)methylamine, N-5-dibenzosuberylamine, N-
triphenylmethylamine (Tr), N-[(4-methoxyphenyl)diphenylmethyl]amine (MMTr), N-9-
phenylfluorenylamine (PhF), N-2,7-dichloro-9-fluorenylmethyleneamine, N-
terrocenylmethylamino (Fcm), N-2-picolylamino N’-oxide, N-1,1-
dimethylthiomethyleneamine, N-benzylideneamine, N-p-methoxybenzylideneamine, N-
diphenylmethyleneamine, N-[(2-pyridyl)mesitylJmethyleneamine, N-(N’,N’-
dimethylaminomethylene)amine, N,N’-isopropylidenediamine, N-p-
nitrobenzylideneamine, N-salicylideneamine, N-5-chlorosalicylideneamine, N-(5-chloro-
2-hydroxyphenyl)phenylmethyleneamine, N-cyclohexylideneamine, N-(5,5-dimethyl-3-
oxo-1-cyclohexenyl)amine, N-borane derivative, N-diphenylborinic acid derivative, N-
[phenyl(pentacarbonylchromium- or tungsten)carbonyl]amine, N-copper chelate, N-zinc
chelate, N-nitroamine, N-nitrosoamine, amine N-oxide, diphenylphosphinamide (Dpp),
dimethylthiophosphinamide (Mpt), diphenylthiophosphinamide (Ppt), dialkyl
phosphoramidates, dibenzyl phosphoramidate, diphenyl phosphoramidate,
benzenesulfenamide, o-nitrobenzenesulfenamide (Nps), 2,4-dinitrobenzenesulfenamide,
pentachlorobenzenesulfenamide, 2-nitro-4-methoxybenzenesulfenamide,
triphenylmethylsulfenamide, 3-nitropyridinesulfenamide (Npys), p-toluenesulfonamide
(Ts), benzenesulfonamide, 2,3,6,-trimethyl-4-methoxybenzenesulfonamide (Mtr), 2,4,6-
trimethoxybenzenesulfonamide (Mtb), 2,6-dimethyl-4-methoxybenzenesulfonamide
(Pme), 2,3,5,6-tetramethyl-4-methoxybenzenesulfonamide (Mte), 4-
methoxybenzenesulfonamide (Mbs), 2,4,6-trimethylbenzenesulfonamide (Mts), 2,6-
dimethoxy-4-methylbenzenesulfonamide (iMds), 2,2,5,7,8-pentamethylchroman-6-
sulfonamide (Pmc), methanesulfonamide (Ms), B-trimethylsilylethanesulfonamide
(SES), 9-anthracenesulfonamide, 4-(4',8"-dimethoxynaphthylmethyl)benzenesulfonamide
(DNMBS), benzylsulfonamide, trifluoromethylsulfonamide, and phenacylsulfonamide.
Exemplary protecting groups are detailed herein. However, it will be appreciated that
the present invention is not intended to be limited to these protecting groups; rather, a
variety of additional equivalent protecting groups can be readily identified using the
above criteria and utilized in the method of the present invention. Additionally, a variety
of protecting groups are described in Protective Groups in Organic Synthesis, Third Ed.
Greene, T.W. and Wuts, P.G., Eds., John Wiley & Sons, New York: 1999, the entire

contents of which are hereby incorporated by reference.
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It will be appreciated that the compounds, as described herein, may be substituted
with any number of substituents or functional moieties. In general, the term “substituted”
whether preceeded by the term “optionally” or not, and substituents contained in
formulas of this invention, refer to the replacement of hydrogen radicals in a given
structure with the radical of a specified substituent. When more than one position in any
given structure may be substituted with more than one substituent selected from a
specified group, the substituent may be either the same or different at every position. As
used herein, the term “substituted” is contemplated to include all permissible substituents
of organic compounds. In a broad aspect, the permissible substituents include acyclic
and cyclic, branched and unbranched, carbocyclic and heterocyclic, aromatic and
nonaromatic substituents of organic compounds. Heteroatoms such as nitrogen may
have hydrogen substituents and/or any permissible substituents of organic compounds
described herein which satisfy the valencies of the heteroatoms. Furthermore, this
invention is not intended to be limited in any manner by the permissible substituents of
organic compounds. Combinations of substituents and variables envisioned by this
invention are preferably those that result in the formation of stable compounds useful in
the treatment, for example, of infectious diseases or proliferative disorders. The term
“stable”, as used herein, preferably refers to compounds which possess stability
sufficient to allow manufacture and which maintain the integrity of the compound for a
sufficient period of time to be detected and preferably for a sufficient period of time to be
useful for the purposes detailed herein.

The term “aliphatic,” as used herein, includes both saturated and unsaturated,
straight chain (i.e., unbranched), branched, acyclic, cyclic, or polycyclic aliphatic
hydrocarbons, which are optionally substituted with one or more functional groups. As
will be appreciated by one of ordinary skill in the art, “aliphatic” is intended herein to
include, but is not limited to, alkyl, alkenyl, alkynyl, cycloalkyl, cycloalkenyl, and
cycloalkynyl moieties. Thus, as used herein, the term “alkyl” includes straight, branched
and cyclic alkyl groups. An analogous convention applies to other generic terms such as
“alkenyl,” “alkynyl,” and the like. Furthermore, as used herein, the terms “alkyl,”
“alkenyl,” “alkynyl,” and the like encompass both substituted and unsubstituted groups.
In certain embodiments, as used herein, “lower alkyl” is used to indicate those alkyl
groups (cyclic, acyclic, substituted, unsubstituted, branched, or unbranched) having 1-6

carbon atoms.

44



10

15

20

25

30

WO 2015/085113 PCT/US2014/068654

In certain embodiments, the alkyl, alkenyl, and alkynyl groups employed in the
invention contain 1-20 aliphatic carbon atoms. In certain other embodiments, the alkyl,
alkenyl, and alkynyl groups employed in the invention contain 1-10 aliphatic carbon
atoms. In yet other embodiments, the alkyl, alkenyl, and alkynyl groups employed in the
invention contain 1-8 aliphatic carbon atoms. In still other embodiments, the alkyl,
alkenyl, and alkynyl groups employed in the invention contain 1-6 aliphatic carbon
atoms. In yet other embodiments, the alkyl, alkenyl, and alkynyl groups employed in the
invention contain 1-4 carbon atoms. Illustrative aliphatic groups thus include, but are not
limited to, for example, methyl, ethyl, n-propyl, isopropyl, cyclopropyl, -CH,-
cyclopropyl, vinyl, allyl, n-butyl, sec-butyl, isobutyl, fert-butyl, cyclobutyl, -CH,-
cyclobutyl, n-pentyl, sec-pentyl, isopentyl, tert-pentyl, cyclopentyl, -CH»-cyclopentyl, n-
hexyl, sec-hexyl, cyclohexyl, -CH»-cyclohexyl moieties and the like, which again, may
bear one or more substituents. Alkenyl groups include, but are not limited to, for
example, ethenyl, propenyl, butenyl, 1-methyl-2-buten-1-yl, and the like. Representative
alkynyl groups include, but are not limited to, ethynyl, 2-propynyl (propargyl), 1-
propynyl, and the like.

Some examples of substituents of the above-described aliphatic (and other)
moieties of compounds of the invention include, but are not limited to aliphatic;
heteroaliphatic; aryl; heteroaryl; arylalkyl; heteroarylalkyl; alkoxy; aryloxy;
heteroalkoxy; heteroaryloxy; alkylthio; arylthio; heteroalkylthio; heteroarylthio; -F; -Cl;
-Br; -I; -OH; -NO,; -CN; -CF;; -CH,CF;; -CHCl,; -CH,0OH; -CH,CH,OH; -CH>NH,; -
CH,S80,CHj3; -C(O)R; -COx(Rx); -CON(Ry)2; -OC(O)R; -OCO:Ry; -OCON(Ry)3; -
N(Rx)2; -S(0)2Ry; -NR(CO)Rx wherein each occurrence of Ry independently includes,
but is not limited to, aliphatic, heteroaliphatic, aryl, heteroaryl, arylalkyl, or
heteroarylalkyl, wherein any of the aliphatic, heteroaliphatic, arylalkyl, or
heteroarylalkyl substituents described above and herein may be substituted or
unsubstituted, branched or unbranched, cyclic or acyclic, and wherein any of the aryl or
heteroaryl substituents described above and herein may be substituted or unsubstituted.
Additional examples of generally applicable substituents are illustrated by the specific
embodiments described herein.

The term “heteroaliphatic,” as used herein, refers to aliphatic moieties that
contain one or more oxygen, sulfur, nitrogen, phosphorus, or silicon atoms, e.g., in place

of carbon atoms. Heteroaliphatic moieties may be branched, unbranched, cyclic or
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acyclic and include saturated and unsaturated heterocycles such as morpholino,
pyrrolidinyl, efc. In certain embodiments, heteroaliphatic moieties are substituted by
independent replacement of one or more of the hydrogen atoms thereon with one or more
moieties including, but not limited to aliphatic; heteroaliphatic; aryl; heteroaryl;
arylalkyl; heteroarylalkyl; alkoxy; aryloxy; heteroalkoxy; heteroaryloxy; alkylthio;
arylthio; heteroalkylthio; heteroarylthio; -F; -Cl; -Br; -I; -OH; -NO,; -CN; -CFj; -
CH,CFj3; -CHCl; -CH,OH; -CH,CH,OH; -CH>NH,; -CH»SO,CHs; -C(O)Ry; -CO1(Ry);
-CON(Rx)2; -OC(O)Ry; -OCO2Rx; -OCON(Rx)2; -N(Rx)2; -S(O)2Rx; -NR<(CO)R,
wherein each occurrence of Ry independently includes, but is not limited to, aliphatic,
heteroaliphatic, aryl, heteroaryl, arylalkyl, or heteroarylalkyl, wherein any of the
aliphatic, heteroaliphatic, arylalkyl, or heteroarylalkyl substituents described above and
herein may be substituted or unsubstituted, branched or unbranched, cyclic or acyclic,
and wherein any of the aryl or heteroaryl substituents described above and herein may be
substituted or unsubstituted. Additional examples of generally applicable substitutents
are illustrated by the specific embodiments described herein.

The terms “halo™ and “halogen” as used herein refer to an atom selected from
fluorine, chlorine, bromine, and iodine.

The term “alkyl” includes saturated aliphatic groups, including straight-chain
alkyl groups (e.g., methyl, ethyl, propyl, butyl, pentyl, hexyl, heptyl, octyl, nonyl, decyl,
etc.), branched-chain alkyl groups (isopropyl, tert-butyl, isobutyl, efc.), cycloalkyl
(alicyclic) groups (cyclopropyl, cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl), alkyl
substituted cycloalkyl groups, and cycloalkyl substituted alkyl groups. In certain
embodiments, a straight chain or branched chain alkyl has 6 or fewer carbon atoms in its
backbone (e.g., C;-Cg for straight chain, Cs-Cg for branched chain), and more preferably
4 or fewer. Likewise, preferred cycloalkyls have from 3-8 carbon atoms in their ring
structure, and more preferably have 5 or 6 carbons in the ring structure. The term C;-Cg
includes alkyl groups containing 1 to 6 carbon atoms.

Moreover, unless otherwise specified, the term alkyl includes both “unsubstituted
alkyls” and “substituted alkyls,” the latter of which refers to alkyl moieties having
independently selected substituents replacing a hydrogen on one or more carbons of the
hydrocarbon backbone. Such substituents can include, for example, alkenyl, alkynyl,
halogen, hydroxyl, alkylcarbonyloxy, arylcarbonyloxy, alkoxycarbonyloxy,

aryloxycarbonyloxy, carboxylate, alkylcarbonyl, arylcarbonyl, alkoxycarbonyl,
yloxycarbonyloxy, carboxyl lkylcarbonyl, arylcarbonyl, alkoxycarbonyl
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aminocarbonyl, alkylaminocarbonyl, dialkylaminocarbonyl, alkylthiocarbonyl, alkoxyl,
phosphate, phosphonato, phosphinato, cyano, amino (including alkyl amino,
dialkylamino, arylamino, diarylamino, and alkylarylamino), acylamino (including
alkylcarbonylamino, arylcarbonylamino, carbamoyl and ureido), amidino, imino,
sulthydryl, alkylthio, arylthio, thiocarboxylate, sulfates, alkylsulfinyl, sulfonato,
sulfamoyl, sulfonamido, nitro, trifluoromethyl, cyano, azido, heterocyclyl, alkylaryl, or
an aromatic or heteroaromatic moiety. Cycloalkyls can be further substituted, e.g., with
the substituents described above. An “alkylaryl” or an “arylalkyl” moiety is an alkyl
substituted with an aryl (e.g., phenylmethyl (benzyl)). The term “alkyl” also includes the
side chains of natural and unnatural amino acids. The term “n-alkyl” means a straight
chain (i.e., unbranched) unsubstituted alkyl group.

The term “alkenyl” includes unsaturated aliphatic groups analogous in length and
possible substitution to the alkyls described above, but that contain at least one double
bond. For example, the term “alkenyl” includes straight-chain alkenyl groups (e.g.,
ethylenyl, propenyl, butenyl, pentenyl, hexenyl, heptenyl, octenyl, nonenyl, decenyl,
etc.), branched-chain alkenyl groups, cycloalkenyl (alicyclic) groups (cyclopropenyl,
cyclopentenyl, cyclohexenyl, cycloheptenyl, cyclooctenyl), alkyl or alkenyl substituted
cycloalkenyl groups, and cycloalkyl or cycloalkenyl substituted alkenyl groups. In
certain embodiments, a straight chain or branched chain alkenyl group has 6 or fewer
carbon atoms in its backbone (e.g., C,-Cs for straight chain, C3-Cg¢ for branched chain).
Likewise, cycloalkenyl groups may have from 3-8 carbon atoms in their ring structure,
and more preferably have 5 or 6 carbons in the ring structure. The term C,-Cg includes
alkenyl groups containing 2 to 6 carbon atoms.

Moreover, unless otherwise specified, the term alkenyl includes both
“unsubstituted alkenyls” and “‘substituted alkenyls,” the latter of which refers to alkenyl
moieties having independently selected substituents replacing a hydrogen on one or more
carbons of the hydrocarbon backbone. Such substituents can include, for example, alkyl
groups, alkynyl groups, halogens, hydroxyl, alkylcarbonyloxy, arylcarbonyloxy,
alkoxycarbonyloxy, aryloxycarbonyloxy, carboxylate, alkylcarbonyl, arylcarbonyl,
alkoxycarbonyl, aminocarbonyl, alkylaminocarbonyl, dialkylaminocarbonyl,
alkylthiocarbonyl, alkoxyl, phosphate, phosphonato, phosphinato, cyano, amino
(including alkyl amino, dialkylamino, arylamino, diarylamino, and alkylarylamino),

acylamino (including alkylcarbonylamino, arylcarbonylamino, carbamoyl and ureido),
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amidino, imino, sulthydryl, alkylthio, arylthio, thiocarboxylate, sulfates, alkylsulfinyl,
sulfonato, sulfamoyl, sulfonamido, nitro, trifluoromethyl, cyano, azido, heterocyclyl,
alkylaryl, or an aromatic or heteroaromatic moiety.

The term “alkynyl” includes unsaturated aliphatic groups analogous in length and
possible substitution to the alkyls described above, but which contain at least one triple
bond. For example, the term “alkynyl” includes straight-chain alkynyl groups (e.g.,
ethynyl, propynyl, butynyl, pentynyl, hexynyl, heptynyl, octynyl, nonynyl, decynyl,
etc.), branched-chain alkynyl groups, and cycloalkyl or cycloalkenyl substituted alkynyl
groups. In certain embodiments, a straight chain or branched chain alkynyl group has 6
or fewer carbon atoms in its backbone (e.g., C,-Cg for straight chain, C3-Cg for branched
chain). The term C,-Csincludes alkynyl groups containing 2 to 6 carbon atoms.

Moreover, unless otherwise specified, the term alkynyl includes both
“unsubstituted alkynyls” and “substituted alkynyls,” the latter of which refers to alkynyl
moieties having independently selected substituents replacing a hydrogen on one or more
carbons of the hydrocarbon backbone. Such substituents can include, for example, alkyl
groups, alkynyl groups, halogens, hydroxyl, alkylcarbonyloxy, arylcarbonyloxy,
alkoxycarbonyloxy, aryloxycarbonyloxy, carboxylate, alkylcarbonyl, arylcarbonyl,
alkoxycarbonyl, aminocarbonyl, alkylaminocarbonyl, dialkylaminocarbonyl,
alkylthiocarbonyl, alkoxyl, phosphate, phosphonato, phosphinato, cyano, amino
(including alkyl amino, dialkylamino, arylamino, diarylamino, and alkylarylamino),
acylamino (including alkylcarbonylamino, arylcarbonylamino, carbamoyl and ureido),
amidino, imino, sulthydryl, alkylthio, arylthio, thiocarboxylate, sulfates, alkylsulfinyl,
sulfonato, sulfamoyl, sulfonamido, nitro, trifluoromethyl, cyano, azido, heterocyclyl,
alkylaryl, or an aromatic or heteroaromatic moiety.

Unless the number of carbons is otherwise specified, “lower alkyl” as used herein
means an alkyl group, as defined above, but having from one to five carbon atoms in its
backbone structure. “Lower alkenyl” and “lower alkynyl” have chain lengths of, for
example, 2-5 carbon atoms.

The term “alkoxy” includes substituted and unsubstituted alkyl, alkenyl, and
alkynyl groups covalently linked to an oxygen atom. Examples of alkoxy groups include
methoxy, ethoxy, isopropyloxy, propoxy, butoxy, and pentoxy groups. Examples of
substituted alkoxy groups include halogenated alkoxy groups. The alkoxy groups can be
substituted with independently selected groups such as alkenyl, alkynyl, halogen,
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hydroxyl, alkylcarbonyloxy, arylcarbonyloxy, alkoxycarbonyloxy, aryloxycarbonyloxy,
carboxylate, alkylcarbonyl, arylcarbonyl, alkoxycarbonyl, aminocarbonyl,
alkylaminocarbonyl, dialkylaminocarbonyl, alkylthiocarbonyl, alkoxyl, phosphate,
phosphonato, phosphinato, cyano, amino (including alkyl amino, dialkylamino,
arylamino, diarylamino, and alkylarylamino), acylamino (including alkylcarbonylamino,
arylcarbonylamino, carbamoyl and ureido), amidino, imino, sulffiydryl, alkylthio,
arylthio, thiocarboxylate, sulfates, alkylsulfmyl, sulfonato, sulfamoyl, sulfonamido, nitro,
trifluoromethyl, cyano, azido, heterocyclyl, alkylaryl, or an aromatic or heteroaromatic
moieties. Examples of halogen substituted alkoxy groups include, but are not limited to,
fluoromethoxy, difluoromethoxy, trifluoromethoxy, chloromethoxy, dichloromethoxy,
trichloromethoxy, efc.

The term “hydrophobic modifications’ include bases modified in a fashion,
where (1) overall hydrophobicity of the base is significantly increases, (2) the base is still
capable of forming close to regular Watson —Crick interaction. Some, of the examples of
base modifications include but are not limited to 5-position uridine and cytidine
modifications like phenyl,

4-pyridyl, 2-pyridyl, indolyl, and isobutyl, phenyl (C6H50H); tryptophanyl
(C8H6N)CH2CH(NH2)CO), Isobutyl, butyl, aminobenzyl; phenyl; naphthyl,

For purposes of the present invention, the term "overhang" refers to terminal non-base
pairing nucleotide(s) resulting from one strand or region extending beyond the terminus
of the complementary strand to which the first strand or region forms a duplex. One or
more polynucleotides that are capable of forming a duplex through hydrogen bonding
can have overhangs. The overhand length generally doesn’t exceed 5 bases in length.

The term “heteroatom’ includes atoms of any element other than carbon or
hydrogen. Preferred heteroatoms are nitrogen, oxygen, sulfur and phosphorus.

The term “hydroxy” or “hydroxyl” includes groups with an -OH or -O™ (with an
appropriate counterion).

The term “halogen” includes fluorine, bromine, chlorine, iodine, efc. The term
“perhalogenated” generally refers to a moiety wherein all hydrogens are replaced by
halogen atoms.

The term “‘substituted” includes independently selected substituents which can be
placed on the moiety and which allow the molecule to perform its intended function.

Examples of substituents include alkyl, alkenyl, alkynyl, aryl, (CR'R")o.3sNR'R",
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(CR'R")93CN, NO,, halogen, (CR'R")o.3C(halogen)s, (CR'R")o.sCH(halogen),, (CR'R")o.
3CHs(halogen), (CR'R")o3CONR'R”, (CR'R").3S(0);2NR'R”, (CR'R")03CHO,
(CR'R")o30(CR'R")o3H, (CRR")03S(0)o2R’, (CRR")o30(CR'R")o3H, (CR'R")o3COR’,
(CR'R")0-3CO2R’, or (CR'R")0.30R’ groups; wherein each R’ and R” are each
independently hydrogen, a C;-Cs alkyl, C,-Cs alkenyl, C,-Cs alkynyl, or aryl group, or R’
and R” taken together are a benzylidene group or a —(CH,),O(CH3),- group.

The term “amine” or “amino” includes compounds or moieties in which a
nitrogen atom is covalently bonded to at least one carbon or heteroatom. The term “alkyl
amino” includes groups and compounds wherein the nitrogen is bound to at least one
additional alkyl group. The term “dialkyl amino” includes groups wherein the nitrogen
atom is bound to at least two additional alkyl groups.

The term “ether” includes compounds or moieties which contain an oxygen
bonded to two different carbon atoms or heteroatoms. For example, the term includes
“alkoxyalkyl,” which refers to an alkyl, alkenyl, or alkynyl group covalently bonded to

an oxygen atom which is covalently bonded to another alkyl group.

2% <¢ 2% <<

The terms “polynucleotide,” “nucleotide sequence,” “nucleic acid,” “nucleic acid

2% <¢

molecule,” “nucleic acid sequence,” and “oligonucleotide” refer to a polymer of two or
more nucleotides. The polynucleotides can be DNA, RNA, or derivatives or modified
versions thereof. The polynucleotide may be single-stranded or double-stranded. The
polynucleotide can be modified at the base moiety, sugar moiety, or phosphate
backbone, for example, to improve stability of the molecule, its hybridization
parameters, etc. The polynucleotide may comprise a modified base moiety which is
selected from the group including but not limited to 5-fluorouracil, 5-bromouracil, 5-
chlorouracil, 5-iodouracil, hypoxanthine, xanthine, 4-acetylcytosine, 5-
(carboxyhydroxylmethyl) uracil, 5-carboxymethylaminomethyl-2-thiouridine, 5-
carboxymethylaminomethyluracil, dihydrouracil, beta-D-galactosylqueosine, inosine,
N6-isopentenyladenine, 1-methylguanine, 1-methylinosine, 2,2- dimethylguanine, 2-
methyladenine, 2-methylguanine, 3-methylcytosine, 5- methylcytosine, N6-adenine, 7-
methylguanine, 5-methylaminomethyluracil, 5- methoxyaminomethyl-2-thiouracil, beta-
D-mannosylqueosine, 5'- methoxycarboxymethyluracil, 5-methoxyuracil, 2-methylthio-
N6- isopentenyladenine, wybutoxosine, pseudouracil, queosine, 2-thiocytosine, 5-
methyl-2-thiouracil, 2-thiouracil, 4-thiouracil, S-methyluracil, uracil- 5-oxyacetic acid

methylester, uracil-5-oxyacetic acid, 5-methyl-2- thiouracil, 3-(3-amino-3-N-2-
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carboxypropyl) uracil, and 2,6-diaminopurine. The olynucleotide may compirse a
modified sugar moiety (e.g., 2'-fluororibose, ribose, 2'-deoxyribose, 2'-O-
methylcytidine, arabinose, and hexose), and/or a modified phosphate moiety (e.g.,
phosphorothioates and 5’ -N-phosphoramidite linkages). A nucleotide sequence
typically carries genetic information, including the information used by cellular
machinery to make proteins and enzymes. These terms include double- or single-
stranded genomic and cDNA, RNA, any synthetic and genetically manipulated
polynucleotide, and both sense and antisense polynucleotides. This includes single- and
double-stranded molecules, i.e., DNA-DNA, DNA-RNA, and RNA-RNA hybrids, as
well as “protein nucleic acids” (PNA) formed by conjugating bases to an amino acid
backbone.

The term “base” includes the known purine and pyrimidine heterocyclic bases,
deazapurines, and analogs (including heterocyclic substituted analogs, e.g.,
aminoethyoxy phenoxazine), derivatives (e.g., 1-alkyl-, 1-alkenyl-, heteroaromatic- and
I-alkynyl derivatives) and tautomers thereof. Examples of purines include adenine,
guanine, inosine, diaminopurine, and xanthine and analogs (e.g., 8-0x0-N°-
methyladenine or 7-diazaxanthine) and derivatives thereof. Pyrimidines include, for
example, thymine, uracil, and cytosine, and their analogs (e.g., 5-methylcytosine, 5-
methyluracil, 5-(1-propynyl)uracil, 5-(1-propynyl)cytosine and 4,4-ethanocytosine).
Other examples of suitable bases include non-purinyl and non-pyrimidinyl bases such as
2-aminopyridine and triazines.

In a preferred embodiment, the nucleomonomers of an oligonucleotide of the
invention are RNA nucleotides. In another preferred embodiment, the nucleomonomers
of an oligonucleotide of the invention are modified RNA nucleotides. Thus, the
oligonucleotides contain modified RNA nucleotides.

The term “nucleoside” includes bases which are covalently attached to a sugar
moiety, preferably ribose or deoxyribose. Examples of preferred nucleosides include
ribonucleosides and deoxyribonucleosides. Nucleosides also include bases linked to
amino acids or amino acid analogs which may comprise free carboxyl groups, free amino
groups, or protecting groups. Suitable protecting groups are well known in the art (see P.
G. M. Wuts and T. W. Greene, “Protective Groups in Organic Synthesis”, 2"Ed., Wiley-
Interscience, New York, 1999).
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The term “nucleotide” includes nucleosides which further comprise a phosphate
group or a phosphate analog.

The nucleic acid molecules may be associated with a hydrophobic moiety for
targeting and/or delivery of the molecule to a cell. In certain embodiments, the
hydrophobic moiety is associated with the nucleic acid molecule through a linker. In
certain embodiments, the association is through non-covalent interactions. In other
embodiments, the association is through a covalent bond. Any linker known in the art
may be used to associate the nucleic acid with the hydrophobic moiety. Linkers known
in the art are described in published international PCT applications, WO 92/03464, WO
95/23162, WO 2008/021157, WO 2009/021157, WO 2009/134487, WO 2009/126933,
U.S. Patent Application Publication 2005/0107325, U.S. Patent 5,414,077, U.S. Patent
5,419,966, U.S. Patent 5,512,667, U.S. Patent 5,646,126, and U.S. Patent 5,652,359,
which are incorporated herein by reference. The linker may be as simple as a covalent
bond to a multi-atom linker. The linker may be cyclic or acyclic. The linker may be
optionally substituted. In certain embodiments, the linker is capable of being cleaved
from the nucleic acid. In certain embodiments, the linker is capable of being hydrolyzed
under physiological conditions. In certain embodiments, the linker is capable of being
cleaved by an enzyme (e.g., an esterase or phosphodiesterase). In certain embodiments,
the linker comprises a spacer element to separate the nucleic acid from the hydrophobic
moiety. The spacer element may include one to thirty carbon or heteroatoms. In certain
embodiments, the linker and/or spacer element comprises protonatable functional groups.
Such protonatable functional groups may promote the endosomal escape of the nucleic
acid molecule. The protonatable functional groups may also aid in the delivery of the
nucleic acid to a cell, for example, neutralizing the overall charge of the molecule. In
other embodiments, the linker and/or spacer element is biologically inert (that is, it does
not impart biological activity or function to the resulting nucleic acid molecule).

In certain embodiments, the nucleic acid molecule with a linker and hydrophobic
moiety is of the formulae described herein. In certain embodiments, the nucleic acid

molecule is of the formula:
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X A OR!

R?0
wherein
X is N or CH;
A is a bond; substituted or unsubstituted, cyclic or acyclic, branched or unbranched
aliphatic; or substituted or unsubstituted, cyclic or acyclic, branched or unbranched
heteroaliphatic;
R'isa hydrophobic moiety;
R? is hydrogen; an oxygen-protecting group; cyclic or acyclic, substituted or
unsubstituted, branched or unbranched aliphatic; cyclic or acyclic, substituted or
unsubstituted, branched or unbranched heteroaliphatic; substituted or unsubstituted,
branched or unbranched acyl; substituted or unsubstituted, branched or unbranched aryl;
substituted or unsubstituted, branched or unbranched heteroaryl; and
R? is a nucleic acid.

In certain embodiments, the molecule is of the formula:

R3

/

o)

X A OR!
&
R2ON

In certain embodiments, the molecule is of the formula:

R3

/

o)

XvVu A OR!

R20

In certain embodiments, the molecule is of the formula:
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In certain embodiments, the molecule is of the formula:

R3

~—

'”“III\
O

XL Ay OR!

R?0
In certain embodiments, X is N. In certain embodiments, X is CH.
In certain embodiments, A is a bond. In certain embodiments, A is substituted or
unsubstituted, cyclic or acyclic, branched or unbranched aliphatic. In certain
embodiments, A is acyclic, substituted or unsubstituted, branched or unbranched
aliphatic. In certain embodiments, A is acyclic, substituted, branched or unbranched
aliphatic. In certain embodiments, A is acyclic, substituted, unbranched aliphatic. In
certain embodiments, A is acyclic, substituted, unbranched alkyl. In certain
embodiments, A is acyclic, substituted, unbranched Cj; alkyl. In certain embodiments,
A is acyclic, substituted, unbranched C;_j; alkyl. In certain embodiments, A is acyclic,
substituted, unbranched C;_jp alkyl. In certain embodiments, A is acyclic, substituted,
unbranched C,¢ alkyl. In certain embodiments, A is acyclic, substituted, unbranched C;.
¢ alkyl. In certain embodiments, A is substituted or unsubstituted, cyclic or acyclic,
branched or unbranched heteroaliphatic. In certain embodiments, A is acyclic,
substituted or unsubstituted, branched or unbranched heteroaliphatic. In certain
embodiments, A is acyclic, substituted, branched or unbranched heteroaliphatic. In
certain embodiments, A is acyclic, substituted, unbranched heteroaliphatic.

In certain embodiments, A is of the formula:
0]
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In certain embodiments, A is of one of the formulae:
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In certain embodiments, A is of one of the formulae:
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In certain embodiments, A is of one of the formulae:

NN AN A
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In certain embodiments, A is of the formula:
H H
N \/\/ N \/\/\ /\/\ )"L
"z,( N N
H H ,
In certain embodiments, A is of the formula:
H
N\/\/\ /\/\ }'L
i N N
H H ,

In certain embodiments, A is of the formula:

R (@]
N
n
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wherein
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each occurrence of R is independently the side chain of a natural or unnatural amino

acid; and

n is an integer between 1 and 20, inclusive. In certain embodiments, A is of the formula:

o]

aualll|;o

I=z

0]

In certain embodiments, each occurrence of R is independently the side chain of a
natural amino acid. In certain embodiments, n is an integer between 1 and 15, inclusive.
In certain embodiments, n is an integer between 1 and 10, inclusive. In certain
embodiments, n is an integer between 1 and 5, inclusive.

In certain embodiments, A is of the formula:

?%?

wherein n is an integer between 1 and 20, inclusive. In certain embodiments, A is of the

formula:

/X2

I=z

I=z

n

0]

In certain embodiments, n is an integer between 1 and 15, inclusive. In certain
embodiments, n is an integer between 1 and 10, inclusive. In certain embodiments, n is
an integer between 1 and 5, inclusive.

In certain embodiments, A is of the formula:
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NH,

Iz

o}
wherein n is an integer between 1 and 20, inclusive. In certain embodiments, A is of the

formula:

NH,

I=z

o)

5  In certain embodiments, n is an integer between 1 and 15, inclusive. In certain
embodiments, n is an integer between 1 and 10, inclusive. In certain embodiments, n is
an integer between 1 and 5, inclusive.

In certain embodiments, the molecule is of the formula:

R3

/

]

X ANNAWNNA OR!

R20
10  wherein X, Rl, Rz, and R® are as defined herein; and
A is substituted or unsubstituted, cyclic or acyclic, branched or unbranched aliphatic; or

substituted or unsubstituted, cyclic or acyclic, branched or unbranched heteroaliphatic.
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In certain embodiments, A’ is of one of the formulae:
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In certain embodiments, A is of one of the formulae:
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In certain embodiments, A is of one of the formulae:
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In certain embodiments, A is of the formula:
H H
N \/\/ N \/\/\ /\/\ )"L
"z,( N N
H H ,
In certain embodiments, A is of the formula:
H
N\/\/\ /\/\ }'L
i N N
H H ,

In certain embodiments, R!is a steroid. In certain embodiments, R! is a cholesterol. In
certain embodiments, R' is a lipophilic vitamin. In certain embodiments, R'is a vitamin
A. In certain embodiments, R!is a vitamin E.

In certain embodiments, R! is of the formula:
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A
/,/,I’I, R’

.||\\\\\H

s

wherein R” is substituted or unsubstituted, cyclic or acyclic, branched or unbranched
aliphatic; or substituted or unsubstituted, cyclic or acyclic, branched or unbranched
heteroaliphatic.

5  In certain embodiments, R! is of the formula:

In certain embodiments, R! is of the formula:

////, e,

s

In certain embodiments, R! is of the formula:

“n,,
',

TR
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In certain embodiments, R! is of the formula:

%‘1_////

In certain embodiments, R! is of the formula:

In certain embodiments, the nucleic acid molecule is of the formula:

OR?®

Xvwu Avw OR1

OR?
wherein
X is N or CH;
A is a bond; substituted or unsubstituted, cyclic or acyclic, branched or unbranched
aliphatic; or substituted or unsubstituted, cyclic or acyclic, branched or unbranched
heteroaliphatic;
R'isa hydrophobic moiety;
R? is hydrogen; an oxygen-protecting group; cyclic or acyclic, substituted or
unsubstituted, branched or unbranched aliphatic; cyclic or acyclic, substituted or

unsubstituted, branched or unbranched heteroaliphatic; substituted or unsubstituted,

branched or unbranched acyl; substituted or unsubstituted, branched or unbranched aryl;

substituted or unsubstituted, branched or unbranched heteroaryl; and
R? is a nucleic acid.

In certain embodiments, the nucleic acid molecule is of the formula:
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OR®

k ﬂ‘AﬂJOW

X

N

OR?

wherein

X is N or CH;

A is a bond; substituted or unsubstituted, cyclic or acyclic, branched or unbranched
aliphatic; or substituted or unsubstituted, cyclic or acyclic, branched or unbranched
heteroaliphatic;

R'isa hydrophobic moiety;

R? is hydrogen; an oxygen-protecting group; cyclic or acyclic, substituted or
unsubstituted, branched or unbranched aliphatic; cyclic or acyclic, substituted or
unsubstituted, branched or unbranched heteroaliphatic; substituted or unsubstituted,
branched or unbranched acyl; substituted or unsubstituted, branched or unbranched aryl;
substituted or unsubstituted, branched or unbranched heteroaryl; and

R? is a nucleic acid.

In certain embodiments, the nucleic acid molecule is of the formula:

R0
0 Xvwu A OR!

wherein

X is N or CH;

A is a bond; substituted or unsubstituted, cyclic or acyclic, branched or unbranched
aliphatic; or substituted or unsubstituted, cyclic or acyclic, branched or unbranched
heteroaliphatic;

R'isa hydrophobic moiety;

R? is hydrogen; an oxygen-protecting group; cyclic or acyclic, substituted or
unsubstituted, branched or unbranched aliphatic; cyclic or acyclic, substituted or
unsubstituted, branched or unbranched heteroaliphatic; substituted or unsubstituted,
branched or unbranched acyl; substituted or unsubstituted, branched or unbranched aryl;

substituted or unsubstituted, branched or unbranched heteroaryl; and
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R? is a nucleic acid. In certain embodiments, the nucleic acid molecule is of the formula:

R%*0
0 XYWL A OR!

oy

<
N
>
N
(0]

R2
In certain embodiments, the nucleic acid molecule is of the formula:

R%0
0 X Ay OR!

R2

3
$
N
(0]

5 In certain embodiments, the nucleic acid molecule is of the formula:

R%0

Q
HOWn ! )k
N (0)
W/\H
[e]

wherein R is a nucleic acid.
In certain embodiments, the nucleic acid molecule is of the formula:

///’I/,
4,

R%0 HN

O
N O
H>J‘\
n

. 3. . .
wherein R” is a nucleic acid; and

()

HOww*

oD

10

n is an integer between 1 and 20, inclusive.

In certain embodiments, the nucleic acid molecule is of the formula:
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OR®
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In certain embodiments, the nucleic acid molecule is of the formula:

HO

OH

O\/\o /\/o
OR3
5
In certain embodiments, the nucleic acid molecule is of the formula:
R0
HO\\\\\\
In certain embodiments, the nucleic acid molecule is of the formula:
///”I,
0 é
3
HO
\/\N (0)
10 OR?

In certain embodiments, the nucleic acid molecule is of the formula:
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0

As used herein, the term “linkage” includes a naturally occurring, unmodified
phosphodiester moiety (-O-(PO*)-O-) that covalently couples adjacent
nucleomonomers. As used herein, the term “substitute linkage™ includes any analog or
derivative of the native phosphodiester group that covalently couples adjacent
nucleomonomers. Substitute linkages include phosphodiester analogs, e.g.,
phosphorothioate, phosphorodithioate, and P-ethyoxyphosphodiester, P-
ethoxyphosphodiester, P-alkyloxyphosphotriester, methylphosphonate, and
nonphosphorus containing linkages, e.g., acetals and amides. Such substitute linkages
are known in the art (e.g., Bjergarde et al. 1991. Nucleic Acids Res. 19:5843; Caruthers
et al. 1991. Nucleosides Nucleotides. 10:47). In certain embodiments, non-hydrolizable
linkages are preferred, such as phosphorothioate linkages.

In certain embodiments, oligonucleotides of the invention comprise
hydrophobicly modified nucleotides or “hydrophobic modifications.” As used herein
“hydrophobic modifications” refers to bases that are modified such that (1) overall
hydrophobicity of the base is significantly increased, and/or (2) the base is still capable
of forming close to regular Watson —Crick interaction. Several non-limiting examples of
base modifications include 5-position uridine and cytidine modifications such as phenyl,
4-pyridyl, 2-pyridyl, indolyl, and isobutyl, phenyl (C6H50H); tryptophanyl
(C8H6N)CH2CH(NH2)CO), Isobutyl, butyl, aminobenzyl; phenyl; and naphthyl.

Another type of conjugates that can be attached to the end (3” or 5° end), the loop
region, or any other parts of the sd-rxRNA might include a sterol, sterol type molecule,

peptide, small molecule, protein, etc. In some embodiments, a sd-rxRNA may contain
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more than one conjugates (same or different chemical nature). In some embodiments,
the conjugate is cholesterol.

Another way to increase target gene specificity, or to reduce off-target silencing
effect, is to introduce a 2’-modification (such as the 2°-O methyl modification) at a
position corresponding to the second 5’-end nucleotide of the guide sequence. This
allows the positioning of this 2’-modification in the Dicer-resistant hairpin structure, thus
enabling one to design better RNAi constructs with less or no off-target silencing.

In one embodiment, a hairpin polynucleotide of the invention can comprise one
nucleic acid portion which is DNA and one nucleic acid portion which is RNA.
Antisense (guide) sequences of the invention can be “chimeric oligonucleotides” which
comprise an RNA-like and a DNA-like region.

The language “RNase H activating region” includes a region of an
oligonucleotide, e.g., a chimeric oligonucleotide, that is capable of recruiting RNase H to
cleave the target RNA strand to which the oligonucleotide binds. Typically, the RNase
activating region contains a minimal core (of at least about 3-5, typically between about
3-12, more typically, between about 5-12, and more preferably between about 5-10
contiguous nucleomonomers) of DNA or DNA-like nucleomonomers. (See, e.g., U.S.
Pat. No. 5,849,902). Preferably, the RNase H activating region comprises about nine
contiguous deoxyribose containing nucleomonomers.

The language “non-activating region” includes a region of an antisense sequence,
e.g., a chimeric oligonucleotide, that does not recruit or activate RNase H. Preferably, a
non-activating region does not comprise phosphorothioate DNA. The oligonucleotides
of the invention comprise at least one non-activating region. In one embodiment, the
non-activating region can be stabilized against nucleases or can provide specificity for
the target by being complementary to the target and forming hydrogen bonds with the
target nucleic acid molecule, which is to be bound by the oligonucleotide.

In one embodiment, at least a portion of the contiguous polynucleotides are
linked by a substitute linkage, e.g., a phosphorothioate linkage.

In certain embodiments, most or all of the nucleotides beyond the guide sequence
(2’-modified or not) are linked by phosphorothioate linkages. Such constructs tend to
have improved pharmacokinetics due to their higher affinity for serum proteins. The
phosphorothioate linkages in the non-guide sequence portion of the polynucleotide

generally do not interfere with guide strand activity, once the latter is loaded into RISC.
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Antisense (guide) sequences of the present invention may include “morpholino
oligonucleotides.” Morpholino oligonucleotides are non-ionic and function by an RNase
H-independent mechanism. Each of the 4 genetic bases (Adenine, Cytosine, Guanine,
and Thymine/Uracil) of the morpholino oligonucleotides is linked to a 6-membered
morpholine ring. Morpholino oligonucleotides are made by joining the 4 different
subunit types by, e.g., non-ionic phosphorodiamidate inter-subunit linkages. Morpholino
oligonucleotides have many advantages including: complete resistance to nucleases
(Antisense & Nucl. Acid Drug Dev. 1996. 6:267); predictable targeting (Biochemica
Biophysica Acta. 1999. 1489:141); reliable activity in cells (Antisense & Nucl. Acid
Drug Dev. 1997. 7:63); excellent sequence specificity (Antisense & Nucl. Acid Drug
Dev. 1997. 7:151); minimal non-antisense activity (Biochemica Biophysica Acta. 1999.
1489:141); and simple osmotic or scrape delivery (Antisense & Nucl. Acid Drug Dev.
1997. 7:291). Morpholino oligonucleotides are also preferred because of their non-
toxicity at high doses. A discussion of the preparation of morpholino oligonucleotides
can be found in Antisense & Nucl. Acid Drug Dev. 1997. 7:187.

The chemical modifications described herein are believed, based on the data
described herein, to promote single stranded polynucleotide loading into the RISC.
Single stranded polynucleotides have been shown to be active in loading into RISC and
inducing gene silencing. However, the level of activity for single stranded
polynucleotides appears to be 2 to 4 orders of magnitude lower when compared to a
duplex polynucleotide.

The present invention provides a description of the chemical modification
patterns, which may (a) significantly increase stability of the single stranded
polynucleotide (b) promote efficient loading of the polynucleotide into the RISC
complex and (c) improve uptake of the single stranded nucleotide by the cell. Figure 5
provides some non-limiting examples of the chemical modification patterns which may
be beneficial for achieving single stranded polynucleotide efficacy inside the cell. The
chemical modification patterns may include combination of ribose, backbone,
hydrophobic nucleoside and conjugate type of modifications. In addition, in some of the
embodiments, the 5 end of the single polynucleotide may be chemically phosphorylated.

In yet another embodiment, the present invention provides a description of the
chemical modifications patterns, which improve functionality of RISC inhibiting

polynucleotides. Single stranded polynucleotides have been shown to inhibit activity of a

70



10

15

20

25

30

WO 2015/085113 PCT/US2014/068654

preloaded RISC complex through the substrate competition mechanism. For these types
of molecules, conventionally called antagomers, the activity usually requires high
concentration and in vivo delivery is not very effective. The present invention provides a
description of the chemical modification patterns, which may (a) significantly increase
stability of the single stranded polynucleotide (b) promote efficient recognition of the
polynucleotide by the RISC as a substrate and/or (c) improve uptake of the single
stranded nucleotide by the cell. The chemical modification patterns may include
combination of ribose, backbone, hydrophobic nucleoside and conjugate type of
modifications.

The modifications provided by the present invention are applicable to all
polynucleotides. This includes single stranded RISC entering polynucleotides, single
stranded RISC inhibiting polynucleotides, conventional duplexed polynucleotides of
variable length (15- 40 bp),asymmetric duplexed polynucleotides, and the like.
Polynucleotides may be modified with wide variety of chemical modification patterns,

including 5° end, ribose, backbone and hydrophobic nucleoside modifications.

Synthesis

Oligonucleotides of the invention can be synthesized by any method known in
the art, e.g., using enzymatic synthesis and/or chemical synthesis. The oligonucleotides
can be synthesized in vitro (e.g., using enzymatic synthesis and chemical synthesis) or in

vivo (using recombinant DNA technology well known in the art).

In a preferred embodiment, chemical synthesis is used for modified
polynucleotides. Chemical synthesis of linear oligonucleotides is well known in the art
and can be achieved by solution or solid phase techniques. Preferably, synthesis is by
solid phase methods. Oligonucleotides can be made by any of several different synthetic
procedures including the phosphoramidite, phosphite triester, H-phosphonate, and
phosphotriester methods, typically by automated synthesis methods.

Oligonucleotide synthesis protocols are well known in the art and can be found,
e.g.,in U.S. Pat. No. 5,830,653; WO 98/13526; Stec et al. 1984. J. Am. Chem. Soc.
106:6077; Stec et al. 1985. J. Org. Chem. 50:3908; Stec et al. J. Chromatog. 1985.
326:263; LaPlanche et al. 1986. Nucl. Acid. Res. 1986. 14:9081; Fasman G. D., 1989.
Practical Handbook of Biochemistry and Molecular Biology. 1989. CRC Press, Boca
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Raton, Fla.; Lamone. 1993. Biochem. Soc. Trans. 21:1; U.S. Pat. No. 5,013,830; U.S.
Pat. No. 5,214,135; U.S. Pat. No. 5,525,719; Kawasaki ef al. 1993. J. Med. Chem.
36:831; WO 92/03568; U.S. Pat. No. 5,276,019; and U.S. Pat. No. 5,264,423.

The synthesis method selected can depend on the length of the desired
oligonucleotide and such choice is within the skill of the ordinary artisan. For example,
the phosphoramidite and phosphite triester method can produce oligonucleotides having
175 or more nucleotides, while the H-phosphonate method works well for
oligonucleotides of less than 100 nucleotides. If modified bases are incorporated into the
oligonucleotide, and particularly if modified phosphodiester linkages are used, then the
synthetic procedures are altered as needed according to known procedures. In this
regard, Uhlmann et al. (1990, Chemical Reviews 90:543-584) provide references and
outline procedures for making oligonucleotides with modified bases and moditied
phosphodiester linkages. Other exemplary methods for making oligonucleotides are
taught in Sonveaux. 1994. “Protecting Groups in Oligonucleotide Synthesis”; Agrawal.
Methods in Molecular Biology 26:1. Exemplary synthesis methods are also taught in
“Oligonucleotide Synthesis - A Practical Approach” (Gait, M. J. IRL Press at Oxford
University Press. 1984). Moreover, linear oligonucleotides of defined sequence,
including some sequences with modified nucleotides, are readily available from several

commercial sources.

The oligonucleotides may be purified by polyacrylamide gel electrophoresis, or
by any of a number of chromatographic methods, including gel chromatography and high
pressure liquid chromatography. To confirm a nucleotide sequence, especially
unmodified nucleotide sequences, oligonucleotides may be subjected to DNA
sequencing by any of the known procedures, including Maxam and Gilbert sequencing,
Sanger sequencing, capillary electrophoresis sequencing, the wandering spot sequencing
procedure or by using selective chemical degradation of oligonucleotides bound to
Hybond paper. Sequences of short oligonucleotides can also be analyzed by laser
desorption mass spectroscopy or by fast atom bombardment (McNeal, et al., 1982, J.
Am. Chem. Soc. 104:976; Viari, et al., 1987, Biomed. Environ. Mass Spectrom. 14:83;
Grotjahn et al., 1982, Nuc. Acid Res. 10:4671). Sequencing methods are also available
for RNA oligonucleotides.

The quality of oligonucleotides synthesized can be verified by testing the
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oligonucleotide by capillary electrophoresis and denaturing strong anion HPLC (SAX-
HPLC) using, e.g., the method of Bergot and Egan. 1992. J. Chrom. 599:35.

Other exemplary synthesis techniques are well known in the art (see, e.g.,
Sambrook et al., Molecular Cloning: a Laboratory Manual, Second Edition (1989); DNA
Cloning, Volumes I and II (DN Glover Ed. 1985); Oligonucleotide Synthesis (M J Gait
Ed, 1984; Nucleic Acid Hybridisation (B D Hames and S J Higgins eds. 1984); A
Practical Guide to Molecular Cloning (1984); or the series, Methods in Enzymology

(Academic Press, Inc.)).

In certain embodiments, the subject RNAi constructs or at least portions thereof
are transcribed from expression vectors encoding the subject constructs. Any art
recognized vectors may be use for this purpose. The transcribed RNAi constructs may
be isolated and purified, before desired modifications (such as replacing an unmodified

sense strand with a modified one, efc.) are carried out.

Delivery/Carrier

Uptake of Oligonucleotides by Cells

Oligonucleotides and oligonucleotide compositions are contacted with (i.e.,
brought into contact with, also referred to herein as administered or delivered to) and
taken up by one or more cells or a cell lysate. The term “cells” includes prokaryotic and
eukaryotic cells, preferably vertebrate cells, and, more preferably, mammalian cells. In a
preferred embodiment, the oligonucleotide compositions of the invention are contacted

with human cells.

Oligonucleotide compositions of the invention can be contacted with cells in
vitro, e.g., in a test tube or culture dish, (and may or may not be introduced into a
subject) or in vivo, e.g., in a subject such as a mammalian subject. Oligonucleotides are
taken up by cells at a slow rate by endocytosis, but endocytosed oligonucleotides are
generally sequestered and not available, e.g., for hybridization to a target nucleic acid
molecule. In one embodiment, cellular uptake can be facilitated by electroporation or
calcium phosphate precipitation. However, these procedures are only useful for in vitro
or ex vivo embodiments, are not convenient and, in some cases, are associated with cell

toxicity.

In another embodiment, delivery of oligonucleotides into cells can be enhanced
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by suitable art recognized methods including calcium phosphate, DMSQO, glycerol or
dextran, electroporation, or by transfection, e.g., using cationic, anionic, or neutral lipid
compositions or liposomes using methods known in the art (see e.g., WO 90/14074; WO
91/16024; WO 91/17424; U.S. Pat. No. 4,897,355; Bergan et al. 1993. Nucleic Acids
Research. 21:3567). Enhanced delivery of oligonucleotides can also be mediated by the
use of vectors (See e.g., Shi, Y. 2003. Trends Genet 2003 Jan. 19:9; Reichhart J M et al.
Genesis. 2002, 34(1-2):1604, Yu et al. 2002. Proc. Natl. Acad Sci. USA 99:6047; Sui et
al. 2002. Proc. Natl. Acad Sci. USA 99:5515) viruses, polyamine or polycation
conjugates using compounds such as polylysine, protamine, or Ni, N12-bis (ethyl)
spermine (see, e.g., Bartzatt, R. et al.1989. Biotechnol. Appl. Biochem. 11:133; Wagner
E. et al. 1992. Proc. Natl. Acad. Sci. 88:4255).

In certain embodiments, the sd-rxRNA of the invention may be delivered by
using various beta-glucan containing particles, referred to as GeRPs (glucan
encapsulated RNA loaded particle), described in, and incorporated by reference from, US
Provisional Application No. 61/310,611, filed on March 4, 2010 and entitled
“Formulations and Methods for Targeted Delivery to Phagocyte Cells.” Such particles
are also described in, and incorporated by reference from US Patent Publications US
2005/0281781 A1, and US 2010/0040656, US Patent No. 8,815,818, granted on August
26, 2014 and entitled “Phagocytic Cell Delivery of RNAi” and in PCT publications
WO 2006/007372, and WO 2007/050643. The sd-rxRNA molecule may be
hydrophobically modified and optionally may be associated with a lipid and/or
amphiphilic peptide. In certain embodiments, the beta-glucan particle is derived from
yeast. In certain embodiments, the payload trapping molecule is a polymer, such as
those with a molecular weight of at least about 1000 Da, 10,000 Da, 50,000 Da, 100
kDa, 500 kDa, etc. Preferred polymers include (without limitation) cationic polymers,

chitosans, or PEI (polyethylenimine), etc.

Glucan particles can be derived from insoluble components of fungal cell walls
such as yeast cell walls. In some embodiments, the yeast is Baker’s yeast. Yeast-
derived glucan molecules can include one or more of -(1,3)-Glucan, 3-(1,6)-Glucan,
mannan and chitin. In some embodiments, a glucan particle comprises a hollow yeast
cell wall whereby the particle maintains a three dimensional structure resembling a cell,
within which it can complex with or encapsulate a molecule such as an RNA molecule.

Some of the advantages associated with the use of yeast cell wall particles are
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availability of the components, their biodegradable nature, and their ability to be targeted
to phagocytic cells.

In some embodiments, glucan particles can be prepared by extraction of insoluble
components from cell walls, for example by extracting Baker’s yeast (Fleischmann’s)
with 1M NaOH/pH 4.0 H20, followed by washing and drying. Methods of preparing
yeast cell wall particles are discussed in, and incorporated by reference from U.S. Patents
4,810,646, 4,992,540, 5,082,936, 5,028,703, 5,032,401, 5,322,841, 5,401,727, 5,504,079,
5,607,677, 5,968,811, 6,242,594, 6,444,448, 6,476,003, US Patent Publications
2003/0216346, 2004/0014715 and 2010/0040656, and PCT published application
W002/12348.

Protocols for preparing glucan particles are also described in, and incorporated by
reference from, the following references: Soto and Ostroff (2008), “Characterization of
multilayered nanoparticles encapsulated in yeast cell wall particles for DNA delivery.”
Bioconjug Chem 19(4):840-8; Soto and Ostroff (2007), “Oral Macrophage Mediated
Gene Delivery System,” Nanotech, Volume 2, Chapter 5 (“Drug Delivery”), pages 378-
381; and Li et al. (2007), “Yeast glucan particles activate murine resident macrophages
to secrete proinflammatory cytokines via MyD88-and Syk kinase-dependent pathways.”
Clinical Immunology 124(2):170-181.

Glucan containing particles such as yeast cell wall particles can also be obtained
commercially. Several non-limiting examples include: Nutricell MOS 55 from Biorigin
(Sao Paolo, Brazil), SAF-Mannan (SAF Agri, Minneapolis, Minn.), Nutrex (Sensient
Technologies, Milwaukee, Wis.), alkali-extracted particles such as those produced by
Nutricepts (Nutricepts Inc., Burnsville, Minn.) and ASA Biotech, acid-extracted WGP
particles from Biopolymer Engineering, and organic solvent-extracted particles such as
Adjuvax™ from Alpha-beta Technology, Inc. (Worcester, Mass.) and microparticulate
glucan from Novogen (Stamford, Conn.).

Glucan particles such as yeast cell wall particles can have varying levels of purity
depending on the method of production and/or extraction. In some instances, particles
are alkali-extracted, acid-extracted or organic solvent-extracted to remove intracellular
components and/or the outer mannoprotein layer of the cell wall. Such protocols can
produce particles that have a glucan (w/w) content in the range of 50% - 90%. In some

instances, a particle of lower purity, meaning lower glucan w/w content may be
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preferred, while in other embodiments, a particle of higher purity, meaning higher glucan
w/w content may be preferred.

Glucan particles, such as yeast cell wall particles, can have a natural lipid content.
For example, the particles can contain 1%, 2%, 3%, 4%, 5%, 6%, 7%, 8%, 9%, 10%,
11%, 12%, 13%, 14%, 15%, 16%, 17%, 18%, 19%, 20% or more than 20% w/w lipid.

In the Examples section, the effectiveness of two glucan particle batches are tested: YGP
SAF and YGP SAF + L (containing natural lipids). In some instances, the presence of
natural lipids may assist in complexation or capture of RNA molecules.

Glucan containing particles typically have a diameter of approximately 2-4
microns, although particles with a diameter of less than 2 microns or greater than 4
microns are also compatible with aspects of the invention.

The RNA molecule(s) to be delivered are complexed or “trapped” within the
shell of the glucan particle. The shell or RNA component of the particle can be labeled
for visualization, as described in, and incorporated by reference from, Soto and Ostroff

(2008) Bioconjug Chem 19:840. Methods of loading GeRPs are discussed further below.

The optimal protocol for uptake of oligonucleotides will depend upon a number
of factors, the most crucial being the type of cells that are being used. Other factors that
are important in uptake include, but are not limited to, the nature and concentration of the
oligonucleotide, the confluence of the cells, the type of culture the cells are in (e.g., a

suspension culture or plated) and the type of media in which the cells are grown.

Encapsulating Agents

Encapsulating agents entrap oligonucleotides within vesicles. In another
embodiment of the invention, an oligonucleotide may be associated with a carrier or
vehicle, e.g., liposomes or micelles, although other carriers could be used, as would be
appreciated by one skilled in the art. Liposomes are vesicles made of a lipid bilayer
having a structure similar to biological membranes. Such carriers are used to facilitate
the cellular uptake or targeting of the oligonucleotide, or improve the oligonucleotides

pharmacokinetic or toxicological properties.

For example, the oligonucleotides of the present invention may also be
administered encapsulated in liposomes, pharmaceutical compositions wherein the active

ingredient is contained either dispersed or variously present in corpuscles consisting of
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aqueous concentric layers adherent to lipidic layers. The oligonucleotides, depending
upon solubility, may be present both in the aqueous layer and in the lipidic layer, or in
what is generally termed a liposomic suspension. The hydrophobic layer, generally but
not exclusively, comprises phopholipids such as lecithin and sphingomyelin, steroids
such as cholesterol, more or less ionic surfactants such as diacetylphosphate,
stearylamine, or phosphatidic acid, or other materials of a hydrophobic nature. The

diameters of the liposomes generally range from about 15 nm to about 5 microns.

The use of liposomes as drug delivery vehicles offers several advantages.
Liposomes increase intracellular stability, increase uptake efficiency and improve
biological activity. Liposomes are hollow spherical vesicles composed of lipids arranged
in a similar fashion as those lipids which make up the cell membrane. They have an
internal aqueous space for entrapping water soluble compounds and range in size from
0.05 to several microns in diameter. Several studies have shown that liposomes can
deliver nucleic acids to cells and that the nucleic acids remain biologically active. For
example, a lipid delivery vehicle originally designed as a research tool, such as
Lipofectin or LIPOFECTAMINE™ 2000, can deliver intact nucleic acid molecules to

cells.

Specific advantages of using liposomes include the following: they are non-toxic
and biodegradable in composition; they display long circulation half-lives; and
recognition molecules can be readily attached to their surface for targeting to tissues.
Finally, cost-effective manufacture of liposome-based pharmaceuticals, either in a liquid
suspension or lyophilized product, has demonstrated the viability of this technology as an

acceptable drug delivery system.

In some aspects, formulations associated with the invention might be selected for
a class of naturally occurring or chemically synthesized or modified saturated and
unsaturated fatty acid residues. Fatty acids might exist in a form of triglycerides,
diglycerides or individual fatty acids. In another embodiment, the use of well-validated
mixtures of fatty acids and/or fat emulsions currently used in pharmacology for

parenteral nutrition may be utilized.

Liposome based formulations are widely used for oligonucleotide delivery.
However, most of commercially available lipid or liposome formulations contain at least

one positively charged lipid (cationic lipids). The presence of this positively charged
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lipid is believed to be essential for obtaining a high degree of oligonucleotide loading
and for enhancing liposome fusogenic properties. Several methods have been performed
and published to identify optimal positively charged lipid chemistries. However, the
commercially available liposome formulations containing cationic lipids are
characterized by a high level of toxicity. In vivo limited therapeutic indexes have
revealed that liposome formulations containing positive charged lipids are associated
with toxicity (i.e. elevation in liver enzymes) at concentrations only slightly higher than
concentration required to achieve RNA silencing.

Nucleic acids associated with the invention can be hydrophobically modified and
can be encompassed within neutral nanotransporters. Further description of neutral
nanotransporters is incorporated by reference from PCT Application
PCT/US2009/005251, filed on September 22, 2009, and entitled “Neutral
Nanotransporters” and US Patent Publication No. US2011/0237522, published on
September 29, 2011 and entitled “Neutral Nanotransporters.” Such particles enable
quantitative oligonucleotide incorporation into non-charged lipid mixtures. The lack of
toxic levels of cationic lipids in such neutral nanotransporter compositions is an
important feature.

As demonstrated in PCT/US2009/005251, oligonucleotides can effectively be
incorporated into a lipid mixture that is free of cationic lipids and such a composition can
effectively deliver a therapeutic oligonucleotide to a cell in a manner that it is functional.
For example, a high level of activity was observed when the fatty mixture was composed
of a phosphatidylcholine base fatty acid and a sterol such as a cholesterol. For instance,
one preferred formulation of neutral fatty mixture is composed of at least 20% of DOPC
or DSPC and at least 20% of sterol such as cholesterol. Even as low as 1:5 lipid to
oligonucleotide ratio was shown to be sufficient to get complete encapsulation of the
oligonucleotide in a non charged formulation.

The neutral nanotransporters compositions enable efficient loading of
oligonucleotide into neutral fat formulation. The composition includes an
oligonucleotide that is modified in a manner such that the hydrophobicity of the
molecule is increased (for example a hydrophobic molecule is attached (covalently or no-
covalently) to a hydrophobic molecule on the oligonucleotide terminus or a non-terminal
nucleotide, base, sugar, or backbone), the modified oligonucleotide being mixed with a

neutral fat formulation (for example containing at least 25 % of cholesterol and 25% of
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DOPC or analogs thereof). A cargo molecule, such as another lipid can also be included
in the composition. This composition, where part of the formulation is build into the
oligonucleotide itself, enables efficient encapsulation of oligonucleotide in neutral lipid
particles.

In some aspects, stable particles ranging in size from 50 to 140 nm can be formed
upon complexing of hydrophobic oligonucleotides with preferred formulations. It is
interesting to mention that the formulation by itself typically does not form small
particles, but rather, forms agglomerates, which are transformed into stable 50-120 nm
particles upon addition of the hydrophobic modified oligonucleotide.

The neutral nanotransporter compositions of the invention include a hydrophobic
modified polynucleotide, a neutral fatty mixture, and optionally a cargo molecule. A
“hydrophobic modified polynucleotide” as used herein is a polynucleotide of the
invention (i.e. sd-rxRNA) that has at least one modification that renders the
polynucleotide more hydrophobic than the polynucleotide was prior to modification.
The modification may be achieved by attaching (covalently or non-covalently) a
hydrophobic molecule to the polynucleotide. In some instances the hydrophobic
molecule is or includes a lipophilic group.

The term “lipophilic group” means a group that has a higher affinity for lipids
than its affinity for water. Examples of lipophilic groups include, but are not limited to,
cholesterol, a cholesteryl or modified cholesteryl residue, adamantine, dihydrotesterone,
long chain alkyl, long chain alkenyl, long chain alkynyl, olely-lithocholic, cholenic,
oleoyl-cholenic, palmityl, heptadecyl, myrisityl, bile acids, cholic acid or taurocholic
acid, deoxycholate, oleyl litocholic acid, oleoyl cholenic acid, glycolipids, phospholipids,
sphingolipids, isoprenoids, such as steroids, vitamins, such as vitamin E, fatty acids
either saturated or unsaturated, fatty acid esters, such as triglycerides, pyrenes,
porphyrines, Texaphyrine, adamantane, acridines, biotin, coumarin, fluorescein,
rhodamine, Texas-Red, digoxygenin, dimethoxytrityl, t-butyldimethylsilyl, t-
butyldiphenylsilyl, cyanine dyes (e.g. Cy3 or Cy5), Hoechst 33258 dye, psoralen, or
ibuprofen. The cholesterol moiety may be reduced (e.g. as in cholestan) or may be
substituted (e.g. by halogen). A combination of different lipophilic groups in one
molecule is also possible.

The hydrophobic molecule may be attached at various positions of the

polynucleotide. As described above, the hydrophobic molecule may be linked to the
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terminal residue of the polynucleotide such as the 3’ of 5’-end of the polynucleotide.
Alternatively, it may be linked to an internal nucleotide or a nucleotide on a branch of
the polynucleotide. The hydrophobic molecule may be attached, for instance to a 2'-
position of the nucleotide. The hydrophobic molecule may also be linked to the
heterocyclic base, the sugar or the backbone of a nucleotide of the polynucleotide.

The hydrophobic molecule may be connected to the polynucleotide by a linker
moiety. Optionally the linker moiety is a non-nucleotidic linker moiety. Non-nucleotidic
linkers are e.g. abasic residues (dSpacer), oligoethyleneglycol, such as triethyleneglycol
(spacer 9) or hexaethylenegylcol (spacer 18), or alkane-diol, such as butanediol. The
spacer units are preferably linked by phosphodiester or phosphorothioate bonds. The
linker units may appear just once in the molecule or may be incorporated several times,
e.g. via phosphodiester, phosphorothioate, methylphosphonate, or amide linkages.

Typical conjugation protocols involve the synthesis of polynucleotides bearing an
aminolinker at one or more positions of the sequence, however, a linker is not required.
The amino group is then reacted with the molecule being conjugated using appropriate
coupling or activating reagents. The conjugation reaction may be performed either with
the polynucleotide still bound to a solid support or following cleavage of the
polynucleotide in solution phase. Purification of the modified polynucleotide by HPLC
typically results in a pure material.

In some embodiments the hydrophobic molecule is a sterol type conjugate, a
PhytoSterol conjugate, cholesterol conjugate, sterol type conjugate with altered side
chain length, fatty acid conjugate, any other hydrophobic group conjugate, and/or
hydrophobic modifications of the internal nucleoside, which provide sufficient
hydrophobicity to be incorporated into micelles.

For purposes of the present invention, the term “sterols”, refers or steroid
alcohols are a subgroup of steroids with a hydroxyl group at the 3-position of the A-ring.
They are amphipathic lipids synthesized from acetyl-coenzyme A via the HMG-CoA
reductase pathway. The overall molecule is quite flat. The hydroxyl group on the A ring
is polar. The rest of the aliphatic chain is non-polar. Usually sterols are considered to
have an 8§ carbon chain at position 17.

For purposes of the present invention, the term “sterol type molecules”, refers to
steroid alcohols, which are similar in structure to sterols. The main difference is the

structure of the ring and number of carbons in a position 21 attached side chain.
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For purposes of the present invention, the term “PhytoSterols” (also called plant
sterols) are a group of steroid alcohols, phytochemicals naturally occurring in plants.
There are more then 200 different known PhytoSterols

For purposes of the present invention, the term “Sterol side chain” refers to a
chemical composition of a side chain attached at the position 17 of sterol-type molecule.
In a standard definition sterols are limited to a 4 ring structure carrying a 8 carbon chain
at position 17. In this invention, the sterol type molecules with side chain longer and
shorter than conventional are described. The side chain may branched or contain double
back bones.

Thus, sterols useful in the invention, for example, include cholesterols, as well as
unique sterols in which position 17 has attached side chain of 2-7 or longer then 9
carbons. In a particular embodiment, the length of the polycarbon tail is varied between
5 and 9 carbons. Such conjugates may have significantly better in vivo efficacy, in
particular delivery to liver. These types of molecules are expected to work at
concentrations 5 to 9 fold lower then oligonucleotides conjugated to conventional
cholesterols.

Alternatively the polynucleotide may be bound to a protein, peptide or positively
charged chemical that functions as the hydrophobic molecule. The proteins may be
selected from the group consisting of protamine, dsRNA binding domain, and arginine
rich peptides. Exemplary positively charged chemicals include spermine, spermidine,
cadaverine, and putrescine.

In another embodiment hydrophobic molecule conjugates may demonstrate even
higher efficacy when it is combined with optimal chemical modification patterns of the
polynucleotide (as described herein in detail), containing but not limited to hydrophobic
modifications, phosphorothioate modifications, and 2’ ribo modifications.

In another embodiment the sterol type molecule may be a naturally occurring
PhytoSterols. The polycarbon chain may be longer than 9 and may be linear, branched
and/or contain double bonds. Some PhytoSterol containing polynucleotide conjugates
may be significantly more potent and active in delivery of polynucleotides to various
tissues. Some PhytoSterols may demonstrate tissue preference and thus be used as a way
to delivery RN A1 specifically to particular tissues.

The hydrophobic modified polynucleotide is mixed with a neutral fatty mixture to

form a micelle. The neutral fatty acid mixture is a mixture of fats that has a net neutral
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or slightly net negative charge at or around physiological pH that can form a micelle with
the hydrophobic modified polynucleotide. For purposes of the present invention, the
term “micelle” refers to a small nanoparticle formed by a mixture of non charged fatty
acids and phospholipids. The neutral fatty mixture may include cationic lipids as long as
they are present in an amount that does not cause toxicity. In preferred embodiments the
neutral fatty mixture is free of cationic lipids. A mixture that is free of cationic lipids is
one that has less than 1% and preferably 0% of the total lipid being cationic lipid. The
term “‘cationic lipid” includes lipids and synthetic lipids having a net positive charge at
or around physiological pH. The term “anionic lipid” includes lipids and synthetic lipids

having a net negative charge at or around physiological pH.

The neutral fats bind to the oligonucleotides of the invention by a strong but non-

covalent attraction (e.g., an electrostatic, van der Waals, pi-stacking, efc. interaction).

The neutral fat mixture may include formulations selected from a class of
naturally occurring or chemically synthesized or modified saturated and unsaturated fatty
acid residues. Fatty acids might exist in a form of triglycerides, diglycerides or individual
fatty acids. In another embodiment the use of well-validated mixtures of fatty acids
and/or fat emulsions currently used in pharmacology for parenteral nutrition may be
utilized.

The neutral fatty mixture is preferably a mixture of a choline based fatty acid and
a sterol. Choline based fatty acids include for instance, synthetic phosphocholine
derivatives such as DDPC, DLPC, DMPC, DPPC, DSPC, DOPC, POPC, and DEPC.
DOPC (chemical registry number 4235-95-4) is dioleoylphosphatidylcholine (also
known as dielaidoylphosphatidylcholine, dioleoyl-PC, dioleoylphosphocholine, dioleoyl-
sn-glycero-3-phosphocholine, dioleylphosphatidylcholine). DSPC (chemical registry
number 816-94-4) is distearoylphosphatidylcholine (also known as 1,2-Distearoyl-sn-
Glycero-3-phosphocholine).

The sterol in the neutral fatty mixture may be for instance cholesterol. The
neutral fatty mixture may be made up completely of a choline based fatty acid and a
sterol or it may optionally include a cargo molecule. For instance, the neutral fatty
mixture may have at least 20% or 25% fatty acid and 20% or 25% sterol.

For purposes of the present invention, the term “Fatty acids” relates to
conventional description of fatty acid. They may exist as individual entities or in a form

of two-and triglycerides. For purposes of the present invention, the term “fat emulsions”
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refers to safe fat formulations given intravenously to subjects who are unable to get
enough fat in their diet. It is an emulsion of soy bean oil (or other naturally occurring
oils) and egg phospholipids. Fat emulsions are being used for formulation of some
insoluble anesthetics. In this disclosure, fat emulsions might be part of commercially
available preparations like Intralipid, Liposyn, Nutrilipid, modified commercial
preparations, where they are enriched with particular fatty acids or fully de novo-

formulated combinations of fatty acids and phospholipids.

In one embodiment, the cells to be contacted with an oligonucleotide composition
of the invention are contacted with a mixture comprising the oligonucleotide and a
mixture comprising a lipid, e.g., one of the lipids or lipid compositions described supra
for between about 12 hours to about 24 hours. In another embodiment, the cells to be
contacted with an oligonucleotide composition are contacted with a mixture comprising
the oligonucleotide and a mixture comprising a lipid, e.g., one of the lipids or lipid
compositions described supra for between about 1 and about five days. In one
embodiment, the cells are contacted with a mixture comprising a lipid and the
oligonucleotide for between about three days to as long as about 30 days. In another
embodiment, a mixture comprising a lipid is left in contact with the cells for at least
about five to about 20 days. In another embodiment, a mixture comprising a lipid is left

in contact with the cells for at least about seven to about 15 days.

50%-60% of the formulation can optionally be any other lipid or molecule. Such
a lipid or molecule is referred to herein as a cargo lipid or cargo molecule. Cargo
molecules include but are not limited to intralipid, small molecules, fusogenic peptides
or lipids or other small molecules might be added to alter cellular uptake, endosomal
release or tissue distribution properties. The ability to tolerate cargo molecules is
important for modulation of properties of these particles, if such properties are desirable.
For instance the presence of some tissue specific metabolites might drastically alter
tissue distribution profiles. For example use of Intralipid type formulation enriched in
shorter or longer fatty chains with various degrees of saturation affects tissue distribution
profiles of these type of formulations (and their loads).

An example of a cargo lipid useful according to the invention is a fusogenic lipid.
For instance, the zwiterionic lipid DOPE (chemical registry number 4004-5-1, 1,2-

Dioleoyl-sn-Glycero-3-phosphoethanolamine) is a preferred cargo lipid.
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Intralipid may be comprised of the following composition: 1 000 mL contain:
purified soybean oil 90 g, purified egg phospholipids 12 g, glycerol anhydrous 22 g,
water for injection q.s. ad 1 000 mL. pH is adjusted with sodium hydroxide to pH
approximately 8. Energy content/L: 4.6 MJ (190 kcal). Osmolality (approx.): 300
mOsm/kg water. In another embodiment fat emulsion is Liposyn that contains 5%
safflower oil, 5% soybean oil, up to 1.2% egg phosphatides added as an emulsifier and
2.5% glycerin in water for injection. It may also contain sodium hydroxide for pH
adjustment. pH 8.0 (6.0 - 9.0). Liposyn has an osmolarity of 276 m Osmol/liter (actual).

Variation in the identity, amounts and ratios of cargo lipids affects the cellular
uptake and tissue distribution characteristics of these compounds. For example, the
length of lipid tails and level of saturability will affect differential uptake to liver, lung,
fat and cardiomyocytes. Addition of special hydrophobic molecules like vitamins or
different forms of sterols can favor distribution to special tissues which are involved in
the metabolism of particular compounds. Complexes are formed at different
oligonucleotide concentrations, with higher concentrations favoring more efficient
complex formation.

In another embodiment, the fat emulsion is based on a mixture of lipids. Such
lipids may include natural compounds, chemically synthesized compounds, purified fatty
acids or any other lipids. In yet another embodiment the composition of fat emulsion is
entirely artificial. In a particular embodiment, the fat emulsion is more then 70% linoleic
acid. In yet another particular embodiment the fat emulsion is at least 1% of cardiolipin.
Linoleic acid (LA) is an unsaturated omega-6 fatty acid. It is a colorless liquid made of a
carboxylic acid with an 18-carbon chain and two cis double bonds.

In yet another embodiment of the present invention, the alteration of the
composition of the fat emulsion is used as a way to alter tissue distribution of
hydrophobicly modified polynucleotides. This methodology provides for the specific
delivery of the polynucleotides to particular tissues (Figure 12).

In another embodiment the fat emulsions of the cargo molecule contain more
then 70% of Linoleic acid (C18H3202) and/or cardiolipin are used for specifically
delivering RNAI to heart muscle.

Fat emulsions, like intralipid have been used before as a delivery formulation for
some non-water soluble drugs (such as Propofol, re-formulated as Diprivan). Unique

features of the present invention include (a) the concept of combining modified
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polynucleotides with the hydrophobic compound(s), so it can be incorporated in the fat
micelles and (b) mixing it with the fat emulsions to provide a reversible carrier. After
injection into a blood stream, micelles usually bind to serum proteins, including albumin,
HDL, LDL and other. This binding is reversible and eventually the fat is absorbed by
cells. The polynucleotide, incorporated as a part of the micelle will then be delivered
closely to the surface of the cells. After that cellular uptake might be happening though

variable mechanisms, including but not limited to sterol type delivery.

Complexing Agents

Complexing agents bind to the oligonucleotides of the invention by a strong but
non-covalent attraction (e.g., an electrostatic, van der Waals, pi-stacking, efc.
interaction). In one embodiment, oligonucleotides of the invention can be complexed
with a complexing agent to increase cellular uptake of oligonucleotides. An example of
a complexing agent includes cationic lipids. Cationic lipids can be used to deliver
oligonucleotides to cells. However, as discussed above, formulations free in cationic

lipids are preferred in some embodiments.

The term “cationic lipid” includes lipids and synthetic lipids having both polar
and non-polar domains and which are capable of being positively charged at or around
physiological pH and which bind to polyanions, such as nucleic acids, and facilitate the
delivery of nucleic acids into cells. In general cationic lipids include saturated and
unsaturated alkyl and alicyclic ethers and esters of amines, amides, or derivatives
thereof. Straight-chain and branched alkyl and alkenyl groups of cationic lipids can
contain, e.g., from 1 to about 25 carbon atoms. Preferred straight chain or branched alkyl
or alkene groups have six or more carbon atoms. Alicyclic groups include cholesterol
and other steroid groups. Cationic lipids can be prepared with a variety of counterions
(anions) including, e.g., Cl, Br, I, F-, acetate, trifluoroacetate, sulfate, nitrite, and

nitrate.

Examples of cationic lipids include polyethylenimine, polyamidoamine
(PAMAM) starburst dendrimers, Lipofectin (a combination of DOTMA and DOPE),
Lipofectase, LIPOFECTAMINE™ (e.g., LIPOFECTAMINE™ 2000), DOPE,
Cytofectin (Gilead Sciences, Foster City, Calif.), and Eufectins (JBL, San Luis Obispo,
Calif.). Exemplary cationic liposomes can be made from N-[1-(2,3-dioleoloxy)-propyl]-
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N,N,N-trimethylammonium chloride (DOTMA), N-[1 -(2,3-dioleoloxy)-propyl]-N,N,N-
trimethylammonium methylsulfate (DOTAP), 33-[N-(N',N'-
dimethylaminoethane)carbamoyl]cholesterol (DC-Chol), 2,3,-dioleyloxy-N-
[2(sperminecarboxamido)ethyl]-N,N-dimethyl-1-propanaminium trifluoroacetate
(DOSPA), 1,2-dimyristyloxypropyl-3-dimethyl-hydroxyethyl ammonium bromide; and
dimethyldioctadecylammonium bromide (DDAB). The cationic lipid N-(1-(2,3-
dioleyloxy)propyl)-N,N,N-trimethylammonium chloride (DOTMA), for example, was
found to increase 1000-fold the antisense effect of a phosphorothioate oligonucleotide.
(Vlassov et al., 1994, Biochimica et Biophysica Acta 1197:95-108). Oligonucleotides
can also be complexed with, e.g., poly (L-lysine) or avidin and lipids may, or may not,

be included in this mixture, e.g., steryl-poly (L-lysine).

Cationic lipids have been used in the art to deliver oligonucleotides to cells (see,
e.g., U.S. Pat. Nos. 5,855,910; 5,851,548; 5,830,430; 5,780,053; 5,767,099; Lewis et al.
1996. Proc. Natl. Acad. Sci. USA 93:3176; Hope et al. 1998. Molecular Membrane
Biology 15:1). Other lipid compositions which can be used to facilitate uptake of the
instant oligonucleotides can be used in connection with the claimed methods. In addition
to those listed supra, other lipid compositions are also known in the art and include, e.g.,

those taught in U.S. Pat. No. 4,235,871; U.S. Pat. Nos. 4,501,728; 4,837,028; 4,737,323.

In one embodiment lipid compositions can further comprise agents, e.g., viral
proteins to enhance lipid-mediated transfections of oligonucleotides (Kamata, et al.,
1994. Nucl. Acids. Res. 22:536). In another embodiment, oligonucleotides are contacted
with cells as part of a composition comprising an oligonucleotide, a peptide, and a lipid
as taught, e.g., in U.S. patent 5,736,392. Improved lipids have also been described which
are serum resistant (Lewis, ef al., 1996. Proc. Natl. Acad. Sci. 93:3176). Cationic lipids
and other complexing agents act to increase the number of oligonucleotides carried into

the cell through endocytosis.

In another embodiment N-substituted glycine oligonucleotides (peptoids) can be
used to optimize uptake of oligonucleotides. Peptoids have been used to create cationic
lipid-like compounds for transfection (Murphy, et al., 1998. Proc. Natl. Acad. Sci.
95:1517). Peptoids can be synthesized using standard methods (e.g., Zuckermann, R. N.,
etal. 1992. J. Am. Chem. Soc. 114:10646; Zuckermann, R. N., et al. 1992. Int. J. Peptide

Protein Res. 40:497). Combinations of cationic lipids and peptoids, liptoids, can also be
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used to optimize uptake of the subject oligonucleotides (Hunag, et al., 1998. Chemistry
and Biology. 5:345). Liptoids can be synthesized by elaborating peptoid
oligonucleotides and coupling the amino terminal submonomer to a lipid via its amino

group (Hunag, et al., 1998. Chemistry and Biology. 5:345).

It is known in the art that positively charged amino acids can be used for creating
highly active cationic lipids (Lewis et al. 1996. Proc. Natl. Acad. Sci. US.A. 93:3176). In
one embodiment, a composition for delivering oligonucleotides of the invention
comprises a number of arginine, lysine, histidine or ornithine residues linked to a

lipophilic moiety (see e.g., U.S. Pat. No. 5,777,153).

In another embodiment, a composition for delivering oligonucleotides of the
invention comprises a peptide having from between about one to about four basic
residues. These basic residues can be located, e.g., on the amino terminal, C-terminal, or
internal region of the peptide. Families of amino acid residues having similar side chains
have been defined in the art. These families include amino acids with basic side chains
(e.g., lysine, arginine, histidine), acidic side chains (e.g., aspartic acid, glutamic acid),
uncharged polar side chains (e.g., glycine (can also be considered non-polar), asparagine,
glutamine, serine, threonine, tyrosine, cysteine), nonpolar side chains (e.g., alanine,
valine, leucine, isoleucine, proline, phenylalanine, methionine, tryptophan), beta-
branched side chains (e.g., threonine, valine, isoleucine) and aromatic side chains (e.g.,
tyrosine, phenylalanine, tryptophan, histidine). Apart from the basic amino acids, a
majority or all of the other residues of the peptide can be selected from the non-basic
amino acids, e.g., amino acids other than lysine, arginine, or histidine. Preferably a

preponderance of neutral amino acids with long neutral side chains are used.

In one embodiment, a composition for delivering oligonucleotides of the
invention comprises a natural or synthetic polypeptide having one or more gamma
carboxyglutamic acid residues, or y-Gla residues. These gamma carboxyglutamic acid
residues may enable the polypeptide to bind to each other and to membrane surfaces. In
other words, a polypeptide having a series of y-Gla may be used as a general delivery
modality that helps an RNAi construct to stick to whatever membrane to which it comes
in contact. This may at least slow RNAI constructs from being cleared from the blood

stream and enhance their chance of homing to the target.

The gamma carboxyglutamic acid residues may exist in natural proteins (for
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example, prothrombin has 10 y-Gla residues). Alternatively, they can be introduced into
the purified, recombinantly produced, or chemically synthesized polypeptides by
carboxylation using, for example, a vitamin K-dependent carboxylase. The gamma
carboxyglutamic acid residues may be consecutive or non-consecutive, and the total
number and location of such gamma carboxyglutamic acid residues in the polypeptide

can be regulated / fine tuned to achieve different levels of "stickiness” of the polypeptide.

In one embodiment, the cells to be contacted with an oligonucleotide composition
of the invention are contacted with a mixture comprising the oligonucleotide and a
mixture comprising a lipid, e.g., one of the lipids or lipid compositions described supra
for between about 12 hours to about 24 hours. In another embodiment, the cells to be
contacted with an oligonucleotide composition are contacted with a mixture comprising
the oligonucleotide and a mixture comprising a lipid, e.g., one of the lipids or lipid
compositions described supra for between about 1 and about five days. In one
embodiment, the cells are contacted with a mixture comprising a lipid and the
oligonucleotide for between about three days to as long as about 30 days. In another
embodiment, a mixture comprising a lipid is left in contact with the cells for at least
about five to about 20 days. In another embodiment, a mixture comprising a lipid is left

in contact with the cells for at least about seven to about 15 days.

For example, in one embodiment, an oligonucleotide composition can be
contacted with cells in the presence of a lipid such as cytofectin CS or GSV (available
from Glen Research; Sterling, Va.), GS3815, GS2888 for prolonged incubation periods

as described herein.

In one embodiment, the incubation of the cells with the mixture comprising a
lipid and an oligonucleotide composition does not reduce the viability of the cells.
Preferably, after the transfection period the cells are substantially viable. In one
embodiment, after transfection, the cells are between at least about 70% and at least
about 100% viable. In another embodiment, the cells are between at least about 80% and
at least about 95% viable. In yet another embodiment, the cells are between at least

about 85% and at least about 90% viable.

In one embodiment, oligonucleotides are modified by attaching a peptide
sequence that transports the oligonucleotide into a cell, referred to herein as a

“transporting peptide.” In one embodiment, the composition includes an oligonucleotide
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which is complementary to a target nucleic acid molecule encoding the protein, and a

covalently attached transporting peptide.

The language “transporting peptide” includes an amino acid sequence that
facilitates the transport of an oligonucleotide into a cell. Exemplary peptides which
facilitate the transport of the moieties to which they are linked into cells are known in the
art, and include, e.g., HIV TAT transcription factor, lactoferrin, Herpes VP22 protein,
and fibroblast growth factor 2 (Pooga et al. 1998. Nature Biotechnology. 16:857; and
Derossi et al. 1998. Trends in Cell Biology. 8:84; Elliott and O'Hare. 1997. Cell 88:223).

Oligonucleotides can be attached to the transporting peptide using known
techniques, e.g., ( Prochiantz, A. 1996. Curr. Opin. Neurobiol. 6:629; Derossi et al.
1998. Trends Cell Biol. 8:84; Troy et al. 1996. J. Neurosci. 16:253), Vives et al. 1997. J.
Biol. Chem. 272:16010). For example, in one embodiment, oligonucleotides bearing an
activated thiol group are linked via that thiol group to a cysteine present in a transport
peptide (e.g., to the cysteine present in the 3 turn between the second and the third helix
of the antennapedia homeodomain as taught, e.g., in Derossi et al. 1998. Trends Cell
Biol. 8:84; Prochiantz. 1996. Current Opinion in Neurobiol. 6:629; Allinquant et al.
1995. J Cell Biol. 128:919). In another embodiment, a Boc-Cys-(Npys)OH group can be
coupled to the transport peptide as the last (N-terminal) amino acid and an
oligonucleotide bearing an SH group can be coupled to the peptide (Troy et al. 1996. J.
Neurosci. 16:253).

In one embodiment, a linking group can be attached to a nucleomonomer and the
transporting peptide can be covalently attached to the linker. In one embodiment, a linker
can function as both an attachment site for a transporting peptide and can provide
stability against nucleases. Examples of suitable linkers include substituted or
unsubstituted C;-Cyg alkyl chains, C,-Cyg alkenyl chains, C,-C, alkynyl chains, peptides,
and heteroatoms (e.g., S, O, NH, etc.). Other exemplary linkers include bifunctional
crosslinking agents such as sulfosuccinimidyl-4-(maleimidophenyl)-butyrate (SMPB)
(see, e.g., Smith et al. Biochem J 1991.276: 417-2).

In one embodiment, oligonucleotides of the invention are synthesized as
molecular conjugates which utilize receptor-mediated endocytotic mechanisms for
delivering genes into cells (see, e.g., Bunnell et al. 1992. Somatic Cell and Molecular

Genetics. 18:559, and the references cited therein).
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Targeting Agents

The delivery of oligonucleotides can also be improved by targeting the
oligonucleotides to a cellular receptor. The targeting moieties can be conjugated to the
oligonucleotides or attached to a carrier group (i.e., poly(L-lysine) or liposomes) linked
to the oligonucleotides. This method is well suited to cells that display specific receptor-

mediated endocytosis.

For instance, oligonucleotide conjugates to 6-phosphomannosylated proteins are
internalized 20-fold more efficiently by cells expressing mannose 6-phosphate specific
receptors than free oligonucleotides. The oligonucleotides may also be coupled to a
ligand for a cellular receptor using a biodegradable linker. In another example, the
delivery construct is mannosylated streptavidin which forms a tight complex with
biotinylated oligonucleotides. Mannosylated streptavidin was found to increase 20-fold
the internalization of biotinylated oligonucleotides. (Vlassov et al. 1994. Biochimica et

Biophysica Acta 1197:95-108).

In addition specific ligands can be conjugated to the polylysine component of
polylysine-based delivery systems. For example, transferrin-polylysine, adenovirus-
polylysine, and influenza virus hemagglutinin HA-2 N-terminal fusogenic peptides-
polylysine conjugates greatly enhance receptor-mediated DNA delivery in eucaryotic
cells. Mannosylated glycoprotein conjugated to poly(L-lysine) in aveolar macrophages
has been employed to enhance the cellular uptake of oligonucleotides. Liang et al. 1999.

Pharmazie 54:559-566.

Because malignant cells have an increased need for essential nutrients such as
folic acid and transferrin, these nutrients can be used to target oligonucleotides to
cancerous cells. For example, when folic acid is linked to poly(L-lysine) enhanced
oligonucleotide uptake is seen in promyelocytic leukaemia (HL-60) cells and human
melanoma (M-14) cells. Ginobbi et al. 1997. Anticancer Res. 17:29. In another example,
liposomes coated with maleylated bovine serum albumin, folic acid, or ferric
protoporphyrin IX, show enhanced cellular uptake of oligonucleotides in murine
macrophages, KB cells, and 2.2.15 human hepatoma cells. Liang et al. 1999. Pharmazie
54:559-566.

Liposomes naturally accumulate in the liver, spleen, and reticuloendothelial

system (so-called, passive targeting). By coupling liposomes to various ligands such as
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antibodies are protein A, they can be actively targeted to specific cell populations. For
example, protein A-bearing liposomes may be pretreated with H-2K specific antibodies
which are targeted to the mouse major histocompatibility complex-encoded H-2K
protein expressed on L cells. (Vlassov et al. 1994. Biochimica et Biophysica Acta

1197:95-108).

Other in vitro and/or in vivo delivery of RNA1 reagents are known in the art, and
can be used to deliver the subject RNAIi constructs. See, for example, U.S. patent
application publications 20080152661, 20080112916, 20080107694, 20080038296,
20070231392, 20060240093, 20060178327, 20060008910, 20050265957, 20050064595,
20050042227, 20050037496, 20050026286, 20040162235, 20040072785, 20040063654,
20030157030, WO 2008/036825, WO0O04/065601, and AU2004206255B2, just to name a

few (all incorporated by reference).
Administration

The optimal course of administration or delivery of the oligonucleotides may
vary depending upon the desired result and/or on the subject to be treated. As used
herein “administration” refers to contacting cells with oligonucleotides and can be
performed in vitro or in vivo. The dosage of oligonucleotides may be adjusted to
optimally reduce expression of a protein translated from a target nucleic acid molecule,
e.g., as measured by a readout of RNA stability or by a therapeutic response, without

undue experimentation.

For example, expression of the protein encoded by the nucleic acid target can be
measured to determine whether or not the dosage regimen needs to be adjusted
accordingly. In addition, an increase or decrease in RNA or protein levels in a cell or
produced by a cell can be measured using any art recognized technique. By determining
whether transcription has been decreased, the effectiveness of the oligonucleotide in

inducing the cleavage of a target RNA can be determined.

Any of the above-described oligonucleotide compositions can be used alone or in
conjunction with a pharmaceutically acceptable carrier. As used herein,
“pharmaceutically acceptable carrier” includes appropriate solvents, dispersion media,
coatings, antibacterial and antifungal agents, isotonic and absorption delaying agents,

and the like. The use of such media and agents for pharmaceutical active substances is

91



10

15

20

25

30

WO 2015/085113 PCT/US2014/068654

well known in the art. Except insofar as any conventional media or agent is
incompatible with the active ingredient, it can be used in the therapeutic compositions.

Supplementary active ingredients can also be incorporated into the compositions.

Oligonucleotides may be incorporated into liposomes or liposomes modified with
polyethylene glycol or admixed with cationic lipids for parenteral administration.
Incorporation of additional substances into the liposome, for example, antibodies
reactive against membrane proteins found on specific target cells, can help target the

oligonucleotides to specific cell types.

With respect to in vivo applications, the formulations of the present invention can
be administered to a patient in a variety of forms adapted to the chosen route of
administration, e.g., parenterally, orally, or intraperitoneally. Parenteral administration,
which is preferred, includes administration by the following routes: intravenous;
intramuscular; interstitially; intraarterially; subcutaneous; intra ocular; intrasynovial;
trans epithelial, including transdermal; pulmonary via inhalation; ophthalmic; sublingual
and buccal; topically, including ophthalmic; dermal; ocular; rectal; and nasal inhalation
via insufflation. In preferred embodiments, the sd-rxRNA molecules are administered by

intradermal injection or subcutaneously.

Pharmaceutical preparations for parenteral administration include aqueous
solutions of the active compounds in water-soluble or water-dispersible form. In
addition, suspensions of the active compounds as appropriate oily injection suspensions
may be administered. Suitable lipophilic solvents or vehicles include fatty oils, for
example, sesame oil, or synthetic fatty acid esters, for example, ethyl oleate or
triglycerides. Aqueous injection suspensions may contain substances which increase the
viscosity of the suspension include, for example, sodium carboxymethyl cellulose,
sorbitol, or dextran, optionally, the suspension may also contain stabilizers. The
oligonucleotides of the invention can be formulated in liquid solutions, preferably in
physiologically compatible buffers such as Hank's solution or Ringer's solution. In
addition, the oligonucleotides may be formulated in solid form and redissolved or
suspended immediately prior to use. Lyophilized forms are also included in the

invention.

Pharmaceutical preparations for topical administration include transdermal

patches, ointments, lotions, creams, gels, drops, sprays, suppositories, liquids and
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powders. In addition, conventional pharmaceutical carriers, aqueous, powder or oily
bases, or thickeners may be used in pharmaceutical preparations for topical

administration.

Pharmaceutical preparations for oral administration include powders or granules,
suspensions or solutions in water or non-aqueous media, capsules, sachets or tablets. In
addition, thickeners, flavoring agents, diluents, emulsifiers, dispersing aids, or binders

may be used in pharmaceutical preparations for oral administration.

For transmucosal or transdermal administration, penetrants appropriate to the
barrier to be permeated are used in the formulation. Such penetrants are known in the
art, and include, for example, for transmucosal administration bile salts and fusidic acid
derivatives, and detergents. Transmucosal administration may be through nasal sprays or
using suppositories. For oral administration, the oligonucleotides are formulated into
conventional oral administration forms such as capsules, tablets, and tonics. For topical
administration, the oligonucleotides of the invention are formulated into ointments,

salves, gels, or creams as known in the art.

Drug delivery vehicles can be chosen e.g., for in vitro, for systemic, or for topical
administration. These vehicles can be designed to serve as a slow release reservoir or to
deliver their contents directly to the target cell. An advantage of using some direct
delivery drug vehicles is that multiple molecules are delivered per uptake. Such vehicles
have been shown to increase the circulation half-life of drugs that would otherwise be
rapidly cleared from the blood stream. Some examples of such specialized drug delivery
vehicles which fall into this category are liposomes, hydrogels, cyclodextrins,

biodegradable nanocapsules, and bioadhesive microspheres.

The described oligonucleotides may be administered systemically to a subject.
Systemic absorption refers to the entry of drugs into the blood stream followed by
distribution throughout the entire body. Administration routes which lead to systemic
absorption include: intravenous, subcutaneous, intraperitoneal, and intranasal. Each of
these administration routes delivers the oligonucleotide to accessible diseased cells.
Following subcutaneous administration, the therapeutic agent drains into local lymph
nodes and proceeds through the lymphatic network into the circulation. The rate of entry
into the circulation has been shown to be a function of molecular weight or size. The use

of a liposome or other drug carrier localizes the oligonucleotide at the lymph node. The
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oligonucleotide can be modified to diffuse into the cell, or the liposome can directly
participate in the delivery of either the unmodified or modified oligonucleotide into the

cell.

The chosen method of delivery will result in entry into cells. In some
embodiments, preferred delivery methods include liposomes (10-400 nm), hydrogels,
controlled-release polymers, and other pharmaceutically applicable vehicles, and

microinjection or electroporation (for ex vivo treatments).

The pharmaceutical preparations of the present invention may be prepared and
formulated as emulsions. Emulsions are usually heterogeneous systems of one liquid
dispersed in another in the form of droplets usually exceeding 0.1 pm in diameter. The
emulsions of the present invention may contain excipients such as emulsifiers,
stabilizers, dyes, fats, oils, waxes, fatty acids, fatty alcohols, fatty esters, humectants,
hydrophilic colloids, preservatives, and anti-oxidants may also be present in emulsions as
needed. These excipients may be present as a solution in either the aqueous phase, oily

phase or itself as a separate phase.

Examples of naturally occurring emulsifiers that may be used in emulsion
formulations of the present invention include lanolin, beeswax, phosphatides, lecithin
and acacia. Finely divided solids have also been used as good emulsifiers especially in
combination with surfactants and in viscous preparations. Examples of finely divided
solids that may be used as emulsifiers include polar inorganic solids, such as heavy metal
hydroxides, nonswelling clays such as bentonite, attapulgite, hectorite, kaolin,
montrnorillonite, colloidal aluminum silicate and colloidal magnesium aluminum

silicate, pigments and nonpolar solids such as carbon or glyceryl tristearate.

Examples of preservatives that may be included in the emulsion formulations
include methyl paraben, propyl paraben, quaternary ammonium salts, benzalkonium
chloride, esters of p-hydroxybenzoic acid, and boric acid. Examples of antioxidants that
may be included in the emulsion formulations include 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.

In one embodiment, the compositions of oligonucleotides are formulated as

microemulsions. A microemulsion is a system of water, oil and amphiphile which is a
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single optically isotropic and thermodynamically stable liquid solution. Typically
microemulsions are prepared by first dispersing an oil in an aqueous surfactant solution
and then adding a sufficient amount of a 4th component, generally an intermediate chain-

length alcohol to form a transparent system.

Surfactants that may be 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),
decaglycerol sequioleate (S0750), decaglycerol decaoleate (DAQ750), alone or in
combination with cosurfactants. The cosurfactant, usually a short-chain alcohol such as
ethanol, 1-propanol, and 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 may, however, be prepared without the use of cosurfactants and
alcohol-free self-emulsifying microemulsion systems are known in the art. The aqueous
phase may 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 may include, but is not limited to, materials such as
Captex 300, Captex 355, Capmul MCM, fatty acid esters, medium chain (Cs-Cj,) mono,
di, and tri-glycerides, polyoxyethylated glyceryl fatty acid esters, fatty alcohols,
polyglycolized glycerides, saturated polyglycolized Cs-Cyo 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

oil/water and water/oil) have been proposed to enhance the oral bioavailability of drugs.

Microemulsions offer 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 (Constantinides et al., Pharmaceutical Research, 1994, 11:1385; Ho et al., J.
Pharm. Sci., 1996, 85:138-143). Microemulsions have also been effective in the
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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 oligonucleotides
from the gastrointestinal tract, as well as improve the local cellular uptake of
oligonucleotides within the gastrointestinal tract, vagina, buccal cavity and other areas of

administration.

In an embodiment, the present invention employs various penetration enhancers
to affect the efficient delivery of nucleic acids, particularly oligonucleotides, to the skin
of animals. Even non-lipophilic drugs may cross cell membranes if the membrane to be
crossed is treated with a penetration enhancer. In addition to increasing the diffusion of
non-lipophilic drugs across cell membranes, penetration enhancers also act to enhance

the permeability of lipophilic drugs.

Five categories of penetration enhancers that may be used in the present
invention include: surfactants, fatty acids, bile salts, chelating agents, and non-chelating
non-surfactants. Other agents may be utilized to enhance the penetration of the
administered oligonucleotides include: glycols such as ethylene glycol and propylene
glycol, pyrrols such as 2-15 pyrrol, azones, and terpenes such as limonene, and

menthone.

The oligonucleotides, especially in lipid formulations, can also be administered
by coating a medical device, for example, a catheter, such as an angioplasty balloon
catheter, with a cationic lipid formulation. Coating may be achieved, for example, by
dipping the medical device into a lipid formulation or a mixture of a lipid formulation
and a suitable solvent, for example, an aqueous-based buffer, an aqueous solvent,
ethanol, methylene chloride, chloroform and the like. An amount of the formulation will
naturally adhere to the surface of the device which is subsequently administered to a
patient, as appropriate. Alternatively, a lyophilized mixture of a lipid formulation may
be specifically bound to the surface of the device. Such binding techniques are described,
for example, in K. Ishihara ef al., Journal of Biomedical Materials Research, Vol. 27, pp.
1309-1314 (1993), the disclosures of which are incorporated herein by reference in their

entirety.

The useful dosage to be administered and the particular mode of administration

will vary depending upon such factors as the cell type, or for in vivo use, the age, weight
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and the particular animal and region thereof to be treated, the particular oligonucleotide
and delivery method used, the therapeutic or diagnostic use contemplated, and the form
of the formulation, for example, suspension, emulsion, micelle or liposome, as will be
readily apparent to those skilled in the art. Typically, dosage is administered at lower
levels and increased until the desired effect is achieved. When lipids are used to deliver
the oligonucleotides, the amount of lipid compound that is administered can vary and
generally depends upon the amount of oligonucleotide agent being administered. For
example, the weight ratio of lipid compound to oligonucleotide agent is preferably from
about 1:1 to about 15:1, with a weight ratio of about 5:1 to about 10:1 being more
preferred. Generally, the amount of cationic lipid compound which is administered will
vary from between about 0.1 milligram (mg) to about 1 gram (g). By way of general
guidance, typically between about 0.1 mg and about 10 mg of the particular
oligonucleotide agent, and about 1 mg to about 100 mg of the lipid compositions, each
per kilogram of patient body weight, is administered, although higher and lower amounts

can be used.

The agents of the invention are administered to subjects or contacted with cells in
a biologically compatible form suitable for pharmaceutical administration. By
“biologically compatible form suitable for administration™ is meant that the
oligonucleotide is administered in a form in which any toxic effects are outweighed by
the therapeutic effects of the oligonucleotide. In one embodiment, oligonucleotides can
be administered to subjects. Examples of subjects include mammals, e.g., humans and
other primates; cows, pigs, horses, and farming (agricultural) animals; dogs, cats, and

other domesticated pets; mice, rats, and transgenic non-human animals.

Administration of an active amount of an oligonucleotide of the present invention
is defined as an amount effective, at dosages and for periods of time necessary to achieve
the desired result. For example, an active amount of an oligonucleotide may vary
according to factors such as the type of cell, the oligonucleotide used, and for in vivo
uses the disease state, age, sex, and weight of the individual, and the ability of the
oligonucleotide to elicit a desired response in the individual. Establishment of
therapeutic levels of oligonucleotides within the cell is dependent upon the rates of
uptake and efflux or degradation. Decreasing the degree of degradation prolongs the
intracellular half-life of the oligonucleotide. Thus, chemically-modified

oligonucleotides, e.g., with modification of the phosphate backbone, may require
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different dosing.

The exact dosage of an oligonucleotide and number of doses administered will
depend upon the data generated experimentally and in clinical trials. Several factors
such as the desired effect, the delivery vehicle, disease indication, and the route of
administration, will affect the dosage. Dosages can be readily determined by one of
ordinary skill in the art and formulated into the subject pharmaceutical compositions.
Preferably, the duration of treatment will extend at least through the course of the disease

Ssymptoms.

Dosage regimens may be adjusted to provide the optimum therapeutic response.
For example, the oligonucleotide may be repeatedly administered, e.g., several doses
may be administered daily or the dose may be proportionally reduced as indicated by the
exigencies of the therapeutic situation. One of ordinary skill in the art will readily be
able to determine appropriate doses and schedules of administration of the subject
oligonucleotides, whether the oligonucleotides are to be administered to cells or to

subjects.

Administration of sd-rxRNAs, such as through intradermal injection or
subcutaneous delivery, can be optimized through testing of dosing regimens. In some
embodiments, a single administration is sufficient. To further prolong the effect of the
administered sd-rxRNA, the sd-rxRNA can be administered in a slow-release
formulation or device, as would be familiar to one of ordinary skill in the art. The
hydrophobic nature of sd-rxRNA compounds can enable use of a wide variety of

polymers, some of which are not compatible with conventional oligonucleotide delivery.

In other embodiments, the sd-rxRNA is administered multiple times. In some
instances it is administered daily, bi-weekly, weekly, every two weeks, every three
weeks, monthly, every two months, every three months, every four months, every five
months, every six months or less frequently than every six months. In some instances, it
is administered multiple times per day, week, month and/or year. For example, it can be
administered approximately every hour, 2 hours, 3 hours, 4 hours, 5 hours, 6 hours, 7
hours, 8 hours, 9 hours 10 hours, 12 hours or more than twelve hours. It can be

administered 1, 2, 3, 4, 5, 6,7, 8,9, 10 or more than 10 times per day.

In some embodiments, the nucleic acid molecule is administered between 72

hours prior to a wound and 24 hours after a wound. For example, the sd-rxRNA is
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administered approximately 72, 71, 70, 69, 68, 67, 66, 65, 64, 63, 62, 61, 60, 59, 58, 57,
56, 55, 54, 53, 52, 51, 50, 49, 48, 47, 46, 45, 44, 43, 42, 41, 40, 39, 38, 37, 36, 35, 34, 33,
32,31, 30, 29, 28, 27, 26, 25, 24, 23, 22, 21, 20, 19, 18, 17, 16, 15, 14, 13, 12, 11, 10, 9,
8,7,6,5,4,3,2, 1 orless than 1 hour before a wound. In other embodiments, the sd-
nucleic acid molecule is administered approximately 1, 2, 3,4, 5, 6,7, 8,9, 10, 11, 12,

13, 14, 15,6, 17, 18, 19, 20, 21, 22, 23, 24 or more than 24 hours after a wound.

In other embodiments, administration or treatment is delayed. For example, the
sd-nucleic acid molecule is administered 48 hours or more after a wound. In some
embodiments, the sd-nucleic acid molecule is administered 48 hours (2 days), 3 days, 4
days, 5 days, 6 days, 7 days, 8 days, 9 days, 10 days, 11 days, 12 days, 13 days, 14 days,
15 days, 16 days, 17 days, 18 days, 19 days, 20 days, 21 days, 22 days, 23 days, 24 days,
25 days, 26 days, 27 days, 28 days, 29 days, 30 days or more than 30 days after a wound.
In some embodiments, the sd-nucleic acid molecule is administered between 48 hours
and 30 days after a wound. In some embodiments, the sd-nucleic acid molecule is

administered between 7 days and 30 days after a wound.

In some embodiments, a surprising aspect of the invention relates to
advantageous skin healing achieved by delaying treatment or administration of sd-
rxRNA molecules. In some embodiments, delaying administration of the sd-nucleic acid
molecule, such as at least 48 hours, or at least 7 days, after a wound, is more effective

than administering the sd-nucleic acid molecule immediately after the wound.

Aspects of the invention relate to administering sd-rxRNA molecules to a subject.
In some instances the subject is a patient and administering the sd-rxRNA molecule

involves administering the sd-rxRNA molecule in a doctor’s office.

In some embodiments, more than one sd-rxRNA molecule is administered
simultaneously. For example a composition may be administered that contains 1, 2, 3, 4,
5,6,7,8,9, 10 or more than 10 different sd-rkRNA molecules. In certain embodiments,
a composition comprises 2 or 3 different sd-rxRNA molecules. When a composition
comprises more than one sd-rxRNA, the sd-rxRNA molecules within the composition

can be directed to the same gene or to different genes.

In some embodiments, sd-rxRNA is administered within 8 days prior to an event
that compromises or damages the skin such as a surgery. For examples, an sd-rxRNA

could be adminsitered 1, 2,3, 4,5, 6,7, 8,9, 10 or more than 10 days prior to an event
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that compromises or damages the skin.

In other embodiments, administration or treatment is delayed. For example, the
sd-nucleic acid molecule is administered 48 hours or more after an event that
compromises or damages the skin such as a surgery. In some embodiments, the sd-
nucleic acid molecule is administered 48 hours (2 days), 3 days, 4 days, 5 days, 6 days, 7
days, 8 days, 9 days, 10 days, 11 days, 12 days, 13 days, 14 days, 15 days, 16 days, 17
days, 18 days, 19 days, 20 days, 21 days, 22 days, 23 days, 24 days, 25 days, 26 days, 27
days, 28 days, 29 days, 30 days or more than 30 days after an event that compromises or
damages the skin such as a surgery. In some embodiments, the sd-nucleic acid molecule
is administered between 48 hours and 30 days after an event that compromises or
damages the skin such as a surgery. In some embodiments, the sd-nucleic acid molecule
is administered between 7 days and 30 days after an event that compromises or damages

the skin such as a surgery.

In some instances, the effective amount of sd-rxRNA that is delivered by
subcutaneous administration is at least approximately 1, 2, 3,4, 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, 44, 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, 100 or more than 100 mg/kg

including any intermediate values.

In some instances, the effective amount of sd-rxRNA that is delivered through
intradermal injection is at least approximately 1, 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55,
60, 65, 70, 75, 80, 85, 90, 95, 100, 125, 150, 200, 250, 300, 350, 400, 450, 500, 550, 600,
650, 700, 750, 800, 850, 900, 950 or more than 950 ng including any intermediate

values.

In some embodiments, the dose of sd-rxRNA that is administered is between 0.1
to 20 mg per centimeter. For example, in some embodiments, the dose is approximately
0.1,0.2,0.3,0.4,05,0.6,0.7,08,09, 1, 2,3,4,5,6,7,8,9, 10, 11, 12, 13, 14, 15, 16,
17, 18, 19, 20 or more than 20 mg per centimeter.

In some embodiments, one or more additional doses of sd-rxRNA are
administered after the initial dose. For example, in some embodiments, 1, 2, 3,4, 5, 6, 7,

8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20 or more than 20 additional doses are
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administered after the initial dose. In some embodiments, 1-5 additional doses are
administered. Additional doses can be administered within any time frame that is
therapeutically effective, as would be understood by one of ordinary skill in the art. In
some embodiments, additional doses are administered approximately twice a week. In
other embodiments, additional doses are administered approximately weekly. In other
embodiments, additional doses are administered approximately every two weeks. In
other embodiments, additionald doses are administered approximately monthly. In some
embodiments, additional doses are not administered at regular intervals, such that
different lengths of time occur between different additional doses. For example, in some
embodiments, additional doses are administered in a combination of weekly, every two

weeks and monthly doses.

sd-rxRNA molecules administered through methods described herein are

effectively targeted to all the cell types in the skin.

Physical methods of introducing nucleic acids include injection of a solution
containing the nucleic acid, bombardment by particles covered by the nucleic acid,
soaking the cell or organism in a solution of the nucleic acid, or electroporation of cell
membranes in the presence of the nucleic acid. A viral construct packaged into a viral
particle would accomplish both efficient introduction of an expression construct into the
cell and transcription of nucleic acid encoded by the expression construct. Other methods
known in the art for introducing nucleic acids to cells may be used, such as lipid-
mediated carrier transport, chemical-mediated transport, such as calcium phosphate, and
the like. Thus the nucleic acid may be introduced along with components that perform
one or more of the following activities: enhance nucleic acid uptake by the cell, inhibit
annealing of single strands, stabilize the single strands, or other-wise increase inhibition

of the target gene.

Nucleic acid may be directly introduced into the cell (i.e., intracellularly); or
introduced extracellularly into a cavity, interstitial space, into the circulation of an
organism, introduced orally, or may be introduced by bathing a cell or organism in a
solution containing the nucleic acid. Vascular or extravascular circulation, the blood or
lymph system, and the cerebrospinal fluid are sites where the nucleic acid may be

introduced.

The cell with the target gene may be derived from or contained in any organism.
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The organism may a plant, animal, protozoan, bacterium, virus, or fungus. The plant may
be a monocot, dicot or gymnosperm; the animal may be a vertebrate or invertebrate.
Preferred microbes are those used in agriculture or by industry, and those that are

pathogenic for plants or animals.

Alternatively, vectors, e.g., transgenes encoding a siRNA of the invention can be

engineered into a host cell or transgenic animal using art recognized techniques.

A further preferred use for the agents of the present invention (or vectors or
transgenes encoding same) is a functional analysis to be carried out in eukaryotic cells,
or eukaryotic non-human organisms, preferably mammalian cells or organisms and most
preferably human cells, e.g. cell lines such as HeLLa or 293 or rodents, e.g. rats and mice.
By administering a suitable priming agent/RNA1 agent which is sufficiently
complementary to a target mRNA sequence to direct target-specific RNA interference, a
specific knockout or knockdown phenotype can be obtained in a target cell, e.g. in cell

culture or in a target organism.

Thus, a further subject matter of the invention is a eukaryotic cell or a eukaryotic
non-human organism exhibiting a target gene-specific knockout or knockdown
phenotype comprising a fully or at least partially deficient expression of at least one
endogenous target gene wherein said cell or organism is transfected with at least one
vector comprising DNA encoding an RNA1 agent capable of inhibiting the expression of
the target gene. It should be noted that the present invention allows a target-specific
knockout or knockdown of several different endogenous genes due to the specificity of

the RNAIi agent.

Gene-specific knockout or knockdown phenotypes of cells or non-human
organisms, particularly of human cells or non-human mammals may be used in analytic
to procedures, e.g. in the functional and/or phenotypical analysis of complex
physiological processes such as analysis of gene expression profiles and/or proteomes.
Preferably the analysis is carried out by high throughput methods using oligonucleotide
based chips.

Assays of Oligonucleotide Stability

In some embodiments, the oligonucleotides of the invention are stabilized, i.e.,

substantially resistant to endonuclease and exonuclease degradation. An oligonucleotide
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is defined as being substantially resistant to nucleases when it is at least about 3-fold
more resistant to attack by an endogenous cellular nuclease, and is highly nuclease
resistant when it is at least about 6-fold more resistant than a corresponding
oligonucleotide. This can be demonstrated by showing that the oligonucleotides of the
invention are substantially resistant to nucleases using techniques which are known in

the art.

One way in which substantial stability can be demonstrated is by showing that the
oligonucleotides of the invention function when delivered to a cell, e.g., that they reduce
transcription or translation of target nucleic acid molecules, e.g., by measuring protein
levels or by measuring cleavage of mRNA. Assays which measure the stability of target
RNA can be performed at about 24 hours post-transfection (e.g., using Northern blot
techniques, RNase Protection Assays, or QC-PCR assays as known in the art).
Alternatively, levels of the target protein can be measured. Preferably, in addition to
testing the RNA or protein levels of interest, the RNA or protein levels of a control, non-
targeted gene will be measured (e.g., actin, or preferably a control with sequence
similarity to the target) as a specificity control. RNA or protein measurements can be
made using any art-recognized technique. Preferably, measurements will be made
beginning at about 16-24 hours post transfection. (M. Y. Chiang, et al. 1991. J Biol
Chem. 266:18162-71; T. Fisher, et al. 1993. Nucleic Acids Research. 21 3857).

The ability of an oligonucleotide composition of the invention to inhibit protein
synthesis can be measured using techniques which are known in the art, for example, by
detecting an inhibition in gene transcription or protein synthesis. For example, Nuclease
S1 mapping can be performed. In another example, Northern blot analysis can be used
to measure the presence of RNA encoding a particular protein. For example, total RNA
can be prepared over a cesium chloride cushion (see, e.g., Ausebel et al., 1987. Current
Protocols in Molecular Biology (Greene & Wiley, New York)). Northern blots can then
be made using the RNA and probed (see, e.g., Id.). In another example, the level of the
specific mRNA produced by the target protein can be measured, e.g., using PCR. In yet
another example, Western blots can be used to measure the amount of target protein
present. In still another embodiment, a phenotype influenced by the amount of the
protein can be detected. Techniques for performing Western blots are well known in the

art, see, e.g., Chen et al. J. Biol. Chem. 271:28259.
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In another example, the promoter sequence of a target gene can be linked to a
reporter gene and reporter gene transcription (e.g., as described in more detail below) can
be monitored. Alternatively, oligonucleotide compositions that do not target a promoter
can be identified by fusing a portion of the target nucleic acid molecule with a reporter
gene so that the reporter gene is transcribed. By monitoring a change in the expression
of the reporter gene in the presence of the oligonucleotide composition, it is possible to
determine the effectiveness of the oligonucleotide composition in inhibiting the
expression of the reporter gene. For example, in one embodiment, an effective

oligonucleotide composition will reduce the expression of the reporter gene.

A "reporter gene" is a nucleic acid that expresses a detectable gene product,
which may be RNA or protein. Detection of mRNA expression may be accomplished by
Northern blotting and detection of protein may be accomplished by staining with
antibodies specific to the protein. Preferred reporter genes produce a readily detectable
product. A reporter gene may be operably linked with a regulatory DNA sequence such
that detection of the reporter gene product provides a measure of the transcriptional
activity of the regulatory sequence. In preferred embodiments, the gene product of the
reporter gene is detected by an intrinsic activity associated with that product. For
instance, the reporter gene may encode a gene product that, by enzymatic activity, gives
rise to a detectable signal based on color, fluorescence, or luminescence. Examples of
reporter genes include, but are not limited to, those coding for chloramphenicol acetyl

transferase (CAT), luciferase, beta-galactosidase, and alkaline phosphatase.

One skilled in the art would readily recognize numerous reporter genes suitable
for use in the present invention. These include, but are not limited to, chloramphenicol
acetyltransferase (CAT), luciferase, human growth hormone (hGH), and beta-
galactosidase. Examples of such reporter genes can be found in F. A. Ausubel et al.,
Eds., Current Protocols in Molecular Biology, John Wiley & Sons, New York, (1989).
Any gene that encodes a detectable product, e.g., any product having detectable
enzymatic activity or against which a specific antibody can be raised, can be used as a

reporter gene in the present methods.

One reporter gene system is the firefly luciferase reporter system. (Gould, S. J.,
and Subramani, S. 1988. Anal. Biochem., 7:404-408 incorporated herein by reference).

The luciferase assay is fast and sensitive. In this assay, a lysate of the test cell is
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prepared and combined with ATP and the substrate luciferin. The encoded enzyme
luciferase catalyzes a rapid, ATP dependent oxidation of the substrate to generate a light-
emitting product. The total light output is measured and is proportional to the amount of

luciferase present over a wide range of enzyme concentrations.

CAT is another frequently used reporter gene system; a major advantage of this
system is that it has been an extensively validated and is widely accepted as a measure of
promoter activity. (Gorman C. M., Moffat, L. F., and Howard, B. H. 1982. Mol. Cell.
Biol., 2:1044-1051). In this system, test cells are transfected with CAT expression
vectors and incubated with the candidate substance within 2-3 days of the initial
transfection. Thereafter, cell extracts are prepared. The extracts are incubated with
acetyl CoA and radioactive chloramphenicol. Following the incubation, acetylated
chloramphenicol is separated from nonacetylated form by thin layer chromatography. In
this assay, the degree of acetylation reflects the CAT gene activity with the particular

promoter.

Another suitable reporter gene system is based on immunologic detection of
hGH. This system is also quick and easy to use. (Selden, R., Burke-Howie, K. Rowe, M.
E., Goodman, H. M., and Moore, D. D. (1986), Mol. Cell, Biol., 6:3173-3179
incorporated herein by reference). The hGH system is advantageous in that the
expressed hGH polypeptide is assayed in the media, rather than in a cell extract. Thus,
this system does not require the destruction of the test cells. It will be appreciated that
the principle of this reporter gene system is not limited to hGH but rather adapted for use
with any polypeptide for which an antibody of acceptable specificity is available or can

be prepared.

In one embodiment, nuclease stability of a double-stranded oligonucleotide of the
invention is measured and compared to a control, e.g., an RNAi molecule typically used
in the art (e.g., a duplex oligonucleotide of less than 25 nucleotides in length and

comprising 2 nucleotide base overhangs) or an unmodified RNA duplex with blunt ends.

The target RNA cleavage reaction achieved using the siRNAs of the invention is
highly sequence specific. Sequence identity may determined by sequence comparison
and alignment algorithms known in the art. To determine the percent identity of two
nucleic acid sequences (or of two amino acid sequences), the sequences are aligned for

optimal comparison purposes (e.g., gaps can be introduced in the first sequence or
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second sequence for optimal alignment). A preferred, non-limiting example of a local
alignment algorithm utilized for the comparison of sequences is the algorithm of Karlin
and Altschul (1990) Proc. Natl. Acad. Sci. USA 87:2264-68, modified as in Karlin and
Altschul (1993) Proc. Natl. Acad. Sci. USA 90:5873-77. Such an algorithm is
incorporated into the BLAST programs (version 2.0) of Altschul, et al. (1990) J. Mol.
Biol. 215:403-10. Greater than 90% sequence identity, e.g., 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, 99% or even 100% sequence identity, between the siRNA and the
portion of the target gene is preferred. Alternatively, the siRNA may be defined
functionally as a nucleotide sequence (or oligonucleotide sequence) that is capable of
hybridizing with a portion of the target gene transcript. Examples of stringency
conditions for polynucleotide hybridization are provided in Sambrook, J., E. F. Fritsch,
and T. Maniatis, 1989, Molecular Cloning: A Laboratory Manual, Cold Spring Harbor
Laboratory Press, Cold Spring Harbor, N.Y., chapters 9 and 11, and Current Protocols in
Molecular Biology, 1995, F. M. Ausubel et al., eds., John Wiley & Sons, Inc., sections
2.10 and 6.3-6.4, incorporated herein by reference.

Therapeutic use

By inhibiting the expression of a gene, the oligonucleotide compositions of the
present invention can be used to treat any disease involving the expression of a protein.
Examples of diseases that can be treated by oligonucleotide compositions, just to
illustrate, include: cancer, retinopathies, autoimmune diseases, inflammatory diseases
(i.e., ICAM-1 related disorders, Psoriasis, Ulcerative Colitus, Crohn's disease), viral

diseases (i.e., HIV, Hepatitis C), miRNA disorders, and cardiovascular diseases.

In one embodiment, in vitro treatment of cells with oligonucleotides can be used
for ex vivo therapy of cells removed from a subject (e.g., for treatment of leukemia or
viral infection) or for treatment of cells which did not originate in the subject, but are to
be administered to the subject (e.g., to eliminate transplantation antigen expression on
cells to be transplanted into a subject). In addition, in vitro treatment of cells can be used
in non-therapeutic settings, e.g., to evaluate gene function, to study gene regulation and
protein synthesis or to evaluate improvements made to oligonucleotides designed to
modulate gene expression or protein synthesis. In vivo treatment of cells can be useful in
certain clinical settings where it is desirable to inhibit the expression of a protein. There

are numerous medical conditions for which antisense therapy is reported to be suitable
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(see, e.g., U.S. Pat. No. 5,830,653) as well as respiratory syncytial virus infection (WO
95/22,553) influenza virus (WO 94/23,028), and malignancies (WO 94/08,003). Other
examples of clinical uses of antisense sequences are reviewed, e.g., in Glaser. 1996.
Genetic Engineering News 16:1. Exemplary targets for cleavage by oligonucleotides
include, e.g., protein kinase Ca, ICAM-1, c-raf kinase, p53, c-myb, and the ber/abl fusion

gene found in chronic myelogenous leukemia.

The subject nucleic acids can be used in RNAi-based therapy in any animal
having RNAi pathway, such as human, non-human primate, non-human mammal, non-
human vertebrates, rodents (mice, rats, hamsters, rabbits, etc.), domestic livestock
animals, pets (cats, dogs, etc.), Xenopus, fish, insects (Drosophila, etc.), and worms (C.

elegans), etc.

The invention provides methods for preventing in a subject, a disease or
condition associated with an aberrant or unwanted target gene expression or activity, by
administering to the subject a therapeutic agent (e.g., a RNAIi agent or vector or
transgene encoding same). If appropriate, subjects are first treated with a priming agent
so as to be more responsive to the subsequent RNAi therapy. Subjects at risk for a
disease which is caused or contributed to by aberrant or unwanted target gene expression
or activity can be identified by, for example, any or a combination of diagnostic or
prognostic assays as described herein. Administration of a prophylactic agent can occur
prior to the manifestation of symptoms characteristic of the target gene aberrancy, such
that a disease or disorder is prevented or, alternatively, delayed in its progression.
Depending on the type of target gene aberrancy, for example, a target gene, target gene

agonist or target gene antagonist agent can be used for treating the subject.

In another aspect, the invention pertains to methods of modulating target gene
expression, protein expression or activity for therapeutic purposes. Accordingly, in an
exemplary embodiment, the modulatory method of the invention involves contacting a
cell capable of expressing target gene with a therapeutic agent of the invention that is
specific for the target gene or protein (e.g., is specific for the mRNA encoded by said
gene or specifying the amino acid sequence of said protein) such that expression or one
or more of the activities of target protein is modulated. These modulatory methods can
be performed in vitro (e.g., by culturing the cell with the agent), in vivo (e.g., by

administering the agent to a subject), or ex vivo. Typically, subjects are first treated with
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a priming agent so as to be more responsive to the subsequent RNAi therapy. As such,
the present invention provides methods of treating an individual afflicted with a disease
or disorder characterized by aberrant or unwanted expression or activity of a target gene
polypeptide or nucleic acid molecule. Inhibition of target gene activity is desirable in
situations in which target gene is abnormally unregulated and/or in which decreased

target gene activity is likely to have a beneficial effect.

The therapeutic agents of the invention can be administered to individuals to treat
(prophylactically or therapeutically) disorders associated with aberrant or unwanted
target gene activity. In conjunction with such treatment, pharmacogenomics (i.e., the
study of the relationship between an individual's genotype and that individual's response
to a foreign compound or drug) may be considered. Differences in metabolism of
therapeutics can lead to severe toxicity or therapeutic failure by altering the relation
between dose and blood concentration of the pharmacologically active drug. Thus, a
physician or clinician may consider applying knowledge obtained in relevant
pharmacogenomics studies in determining whether to administer a therapeutic agent as
well as tailoring the dosage and/or therapeutic regimen of treatment with a therapeutic
agent. Pharmacogenomics deals with clinically significant hereditary variations in the
response to drugs due to altered drug disposition and abnormal action in affected
persons. See, for example, Eichelbaum, M. et al. (1996) Clin. Exp. Pharmacol. Physiol.
23(10-11): 983-985 and Linder, M. W. et al. (1997) Clin. Chem. 43(2):254-266

RNAI in skin indications

Nucleic acid molecules, or compositions comprising nucleic acid molecules,
described herein may in some embodiments be administered to pre-treat, treat or prevent
compromised skin. As used herein “compromised skin” refers to skin which exhibits
characteristics distinct from normal skin. Compromised skin may occur in association
with a dermatological condition. Several non-limiting examples of dermatological
conditions include rosacea, common acne, seborrheic dermatitis, perioral dermatitis,
acneform rashes, transient acantholytic dermatosis, and acne necrotica miliaris. In some
instances, compromised skin may comprise a wound and/or scar tissue. In some
instances, methods and compositions associated with the invention may be used to
promote wound healing, prevention, reduction or inhibition of scarring, and/or promotion

of re-epithelialisation of wounds.

108



10

15

20

25

30

WO 2015/085113 PCT/US2014/068654

A subject can be pre-treated or treated prophylactically with a molecule
associated with the invention, prior to the skin of the subject becoming compromised.
As used herein “pre-treatment” or “prophylactic treatment” refers to administering a
nucleic acid to the skin prior to the skin becoming compromised. For example, a subject
could be pre-treated 15 minutes, 30 minutes, 1 hour, 2 hours, 3 hours, 4 hours, 5 hours, 6
hours, 7 hours, 8 hours, 9 hours, 10 hours, 11 hours, 12 hours, 24 hours, 48 hours, 3
days, 4 days, 5 days, 6 days, 7 days, 8 days or more than § days prior to the skin
becoming compromised. In other embodiments, a subject can be treated with a molecule
associated with the invention immediately before the skin becomes compromised and/or
simultaneous to the skin becoming compromised and/or after the skin has been
compromised. In some embodiments, the skin is compromised through a medical
procedure such as surgery, including elective surgery. In certain embodiments methods
and compositions may be applied to areas of the skin that are believed to be at risk of
becoming compromised. It should be appreciated that one of ordinary skill in the art
would be able to optimize timing of administration using no more than routine
experimentation.

In some aspects, methods associated with the invention can be applied to promote
healing of compromised skin. Administration can occur at any time up until the
compromised skin has healed, even if the compromised skin has already partially healed.
The timing of administration can depend on several factors including the nature of the
compromised skin, the degree of damage within the compromised skin, and the size of
the compromised area. In some embodiments administration may occur immediately
after the skin is compromised, or 30 minutes, 1 hour, 2 hours, 4 hours, 6 hours, 8§ hours,
12 hours, 24 hours, 48 hours, or more than 48 hours after the skin has been
compromised.

In some embodiments, administration occurs 48 hours (2 days), 3 days, 4 days, 5
days, 6 days, 7 days, 8 days, 9 days, 10 days, 11 days, 12 days, 13 days, 14 days, 15
days, 16 days, 17 days, 18 days, 19 days, 20 days, 21 days, 22 days, 23 days, 24 days, 25
days, 26 days, 27 days, 28 days, 29 days, 30 days or more than 30 days after the skin has
been compromised. In some embodiments, administration occurs between 48 hours and
30 days after the skin has been compromised. In some embodiments, administration

occurs between 7 days and 30 days after the skin has been compromised.
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Methods and compositions of the invention may be administered one or more
times as necessary. For example, in some embodiments, compositions may be
administered daily or twice daily. In some instances, compositions may be administered
both before and after formation of compromised skin.

Compositions associated with the invention may be administered by any suitable
route. In some embodiments, administration occurs locally at an area of compromised
skin. For example, compositions may be administered by intradermal injection.
Compositions for intradermal injection may include injectable solutions. Intradermal
injection may in some embodiments occur around the are of compromised skin or at a
site where the skin is likely to become compromised. In some embodiments,
compositions may also be administered in a topical form, such as in a cream or ointment.
In some embodiments, administration of compositions described herein comprises part of
an initial treatment or pre-treatment of compromised skin, while in other embodiments,
administration of such compositions comprises follow-up care for an area of
compromised skin.

The appropriate amount of a composition or medicament to be applied can
depend on many different factors and can be determined by one of ordinary skill in the
art through routine experimentation. Several non-limiting factors that might be
considered include biological activity and bioavailability of the agent, nature of the
agent, mode of administration, half-life, and characteristics of the subject to be treated.

In some aspects, nucleic acid molecules associated with the invention may also
be used in treatment and/or prevention of fibrotic disorders, including pulmonary
fibrosis, liver cirrhosis, scleroderma and glomerulonephritis, lung fibrosis, liver fibrosis,
skin fibrosis, muscle fibrosis, radiation fibrosis, kidney fibrosis, proliferative
vitreoretinopathy, restenosis, and uterine fibrosis.

A therapeutically effective amount of a nucleic acid molecule described herein
may in some embodiments be an amount sufficient to prevent the formation of
compromised skin and/or improve the condition of compromised skin and/or to treat or
prevent a fibrotic disorder. In some embodiments, improvement of the condition of
compromised skin may correspond to promotion of wound healing and/or inhibition of
scarring and/or promotion of epithelial regeneration. The extent of prevention of
formation of compromised skin and/or improvement to the condition of compromised

skin may in some instances be determined by, for example, a doctor or clinician.
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The ability of nucleic acid molecules associated with the invention to prevent the
formation of compromised skin and/or improve the condition of compromised skin may
in some instances be measured with reference to properties exhibited by the skin. In
some instances, these properties may include rate of epithelialisation and/or decreased
size of an area of compromised skin compared to control skin at comparable time points.

As used herein, prevention of formation of compromised skin, for example prior
to a surgical procedure, and/or improvement of the condition of compromised skin, for
example after a surgical procedure, can encompass any increase in the rate of healing in
the compromised skin as compared with the rate of healing occurring in a control
sample. In some instances, the condition of compromised skin may be assessed with
respect to either comparison of the rate of re-epithelialisation achieved in treated and
control skin, or comparison of the relative areas of treated and control areas of
compromised skin at comparable time points. In some aspects, a molecule that prevents
formation of compromised skin or promotes healing of compromised skin may be a
molecule that, upon administration, causes the area of compromised skin to exhibit an
increased rate of re-epithelialisation and/or a reduction of the size of compromised skin
compared to a control at comparable time points. In some embodiments, the healing of
compromised skin may give rise to a rate of healing that is 5%, 10%, 20%, 30%, 40%,
50%, 60%, 70%, 80%, 90% or 100% greater than the rate occurring in controls.

In some aspects, subjects to be treated by methods and compositions associated
with the invention may be subjects who will undergo, are undergoing or have undergone
a medical procedure such as a surgery. In some embodiments, the subject may be prone
to defective, delayed or otherwise impaired re-epithelialisation, such as dermal wounds
in the aged. Other non-limiting examples of conditions or disorders in which wound
healing is associated with delayed or otherwise impaired re-epithelialisation include
patients suffering from diabetes, patients with polypharmacy, post-menopausal women,
patients susceptible to pressure injuries, patients with venous disease, clinically obese
patients, patients receiving chemotherapy, patients receiving radiotherapy, patients
receiving steroid treatment, and immuno-compromised patients. In some instances,
defective re-epithelialisation response can contributes to infections at the wound site, and
to the formation of chronic wounds such as ulcers.

In some embodiments, methods associated with the invention may promote the

re-epithelialisation of compromised skin in chronic wounds, such as ulcers, and may also

111



10

15

20

25

30

WO 2015/085113 PCT/US2014/068654

inhibit scarring associated with wound healing. In other embodiments, methods
associated with the invention are applied to prevention or treatment of compromised skin
in acute wounds in patients predisposed to impaired wound healing developing into
chronic wounds. In other aspects, methods associated with the invention are applied to
promote accelerated healing of compromised skin while preventing, reducing or
inhibiting scarring for use in general clinical contexts. In some aspects, this can involve
the treatment of surgical incisions and application of such methods may result in the
prevention, reduction or inhibition of scarring that may otherwise occur on such healing.
Such treatment may result in the scars being less noticeable and exhibiting regeneration
of a more normal skin structure. In other embodiments, the compromised skin that is
treated is not compromised skin that is caused by a surgical incision. The compromised
skin may be subject to continued care and continued application of medicaments to
encourage re-epithelialisation and healing.

In some aspects, methods associated with the invention may also be used in the
treatment of compromised skin associated with grafting procedures. This can involve
treatment at a graft donor site and/or at a graft recipient site. Grafts can in some
embodiments involve skin, artificial skin, or skin substitutes. Methods associated with
the invention can also be used for promoting epithelial regeneration. As used herein,
promotion of epithelial regeneration encompasses any increase in the rate of epithelial
regeneration as compared to the regeneration occurring in a control-treated or untreated
epithelium. The rate of epithelial regeneration attained can in some instances be
compared with that taking place in control-treated or untreated epithelia using any
suitable model of epithelial regeneration known in the art. Promotion of epithelial
regeneration may be of use to induce effective re-epithelialisation in contexts in which
the re-epithelialisation response is impaired, inhibited, retarded or otherwise defective.
Promotion of epithelial regeneration may be also effected to accelerate the rate of
defective or normal epithelial regeneration responses in patients suffering from epithelial
damage.

Some instances where re-epithelialisation response may be defective include
conditions such as pemphigus, Hailey-Hailey disease (familial benign pemphigus), toxic
epidermal necrolysis (TEN)/Lyell's syndrome, epidermolysis bullosa, cutaneous
leishmaniasis and actinic keratosis. Defective re-epithelialisation of the lungs may be

associated with idiopathic pulmonary fibrosis (IPF) or interstitial lung disease. Defective
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re-epithelialisation of the eye may be associated with conditions such as partial limbal
stem cell deficiency or corneal erosions. Defective re-epithelialisation of the
gastrointestinal tract or colon may be associated with conditions such as chronic anal
fissures (fissure in ano), ulcerative colitis or Crohn's disease, and other inflammatory
bowel disorders.

In some aspects, methods associated with the invention are used to prevent,
reduce or otherwise inhibit compromised skin associated with scarring. This can be
applied to any site within the body and any tissue or organ, including the skin, eye,
nerves, tendons, ligaments, muscle, and oral cavity (including the lips and palate), as
well as internal organs (such as the liver, heart, brain, abdominal cavity, pelvic cavity,
thoracic cavity, guts and reproductive tissue). In the skin, treatment may change the
morphology and organization of collagen fibers and may result in making the scars less
visible and blend in with the surrounding skin. As used herein, prevention, reduction or
inhibition of scarring encompasses any degree of prevention, reduction or inhibition in
scarring as compared to the level of scarring occurring in a control-treated or untreated
wound.

Prevention, reduction or inhibition of compromised skin, such as compromised
skin associated with dermal scarring, can be assessed and/or measured with reference to
microscopic and/or macroscopic characteristics. Macroscopic characteristics may
include color, height, surface texture and stiffness of the skin. In some instances,
prevention, reduction or inhibition of compromised skin may be demonstrated when the
color, height, surface texture and stiffness of the skin resembles that of normal skin more
closely after treatment than does a control that is untreated. Microscopic assessment of
compromised skin may involve examining characteristics such as thickness and/or
orientation and/or composition of the extracellular matrix (ECM) fibers, and cellularity
of the compromised skin. In some instances, prevention, reduction or inhibition of
compromised skin may be demonstrated when the thickness and/or orientation and/or
composition of the extracellular matrix (ECM) fibers, and/or cellularity of the
compromised skin resembles that of normal skin more closely after treatment than does a
control that is untreated.

In some aspects, methods associated with the invention are used for cosmetic
purposes, at least in part to contribute to improving the cosmetic appearance of

compromised skin. In some embodiments, methods associated with the invention may
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be used to prevent, reduce or inhibit compromised skin such as scarring of wounds
covering joints of the body. In other embodiments, methods associated with the
invention may be used to promote accelerated wound healing and/or prevent, reduce or
inhibit scarring of wounds at increased risk of forming a contractile scar, and/or of
wounds located at sites of high skin tension.

In some embodiments, methods associated with the invention can be applied to
promoting healing of compromised skin in instances where there is an increased risk of
pathological scar formation, such as hypertrophic scars and keloids, which may have
more pronounced deleterious effects than normal scarring. In some embodiments,
methods described herein for promoting accelerated healing of compromised skin and/or
preventing, reducing or inhibiting scarring are applied to compromised skin produced by
surgical revision of pathological scars.

Keloids are a particularly aggressive form of dermal scars that do not regress.
Keloid scars are raised, irregular-shaped, pink to dark red in color and characteristically
extend beyond the boundaries of the original wound. Keloids are commonly tender or
painful and may itch intensely. While keloids are more prevalent in darker skinned
individuals and often run in families, keloids can occur in people with all skin types.
Current treatments are not satisfactory and include corticosteroid injections, cryotherapy,
skin needling, pressure or silicone dressings, laser or radiation treatments and surgical
removal. Since keloids form at the site of inflammation or injury, keloid treatments or
removal may result in an even larger keloid.

CTGF expression rises upon skin/tissue injury and is present during the
subsequent wound healing. However, hypertrophic scars and keloids result from
excessive wound healing (Shi-Wen 2008) and the deposition of excess scar tissue.
Because elevated and prolonged expression of CTGF is present in keloids (Shi Wen
2008), especially at the growing margins (Igarashi et al. (1996) J. Investigative
Dermatology, Vol 106, No 4 April 1996, p. 729-733; see, e.g., Figure 5, incorporated by
reference herein), reduction of CTGF at the site where a keloid was excised could result
in reduced keloid recurrence. Surgical removal of keloids alone is not sufficient, and
generally results in keloid recurrence (40-100%) and, in some cases, the recurrence of
larger keloids (Al-Attar 2006).

Considering the elevated and prolonged expression of CTGF in keloids, in some

embodiments, a more aggressive dosing regimen to reduce CTGF levels is required.
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Prophylactic treatment of a keloid up to 72 hrs prior to excision can be beneficial in
reducing elevated levels of CTGF in the leading edges of the keloid to be excised.
Following keloid excision, RXI-109 can be dosed, for example, every day, every other
day, biweekly, weekly, every other week, every third week, monthly, or any combination
of the above, to reduce the recurrence of the keloid.

Aspects of the invention can be applied to compromised skin caused by burn
injuries. Healing in response to burn injuries can lead to adverse scarring, including the
formation of hypertrophic scars. Methods associated with the invention can be applied
to treatment of all injuries involving damage to an epithelial layer, such as injuries to the
skin in which the epidermis is damaged. Other non-limiting examples of injuries to
epithelial tissue include injuries involving the respiratory epithelia, digestive epithelia or

epithelia surrounding internal tissues or organs.
RNAI to treat liver fibrosis

In some embodiments, methods associated with the invention are used to treat
liver fibrosis. Liver fibrosis is the excessive accumulation of extracellular matrix
proteins, including collagen, that occurs in most types of chronic liver diseases. It is the
scarring process that represents the liver’s response to injury. Advanced liver fibrosis
results in cirrhosis, liver failure, and portal hypertension and often requires liver
transplantation. In the same way as skin and other organs heal wounds through
deposition of collagen and other matrix constituents so the liver repairs injury through
the deposition of new collagen. Activated hepatic stellate cells, portal fibroblasts, and
myofibroblasts of bone marrow origin have been identified as major collagen-producing
cells in the injured liver. These cells are activated by fibrogenic cytokines such as TGF-
B1, angiotensin II, and leptin. In some embodiments, methods provided herein are aimed
at inhibiting the accumulation of fibrogenic cells and/or preventing the deposition of
extracellular matrix proteins. In some embodiments, RNAi molecules (including sd-
rxRNA and rxRNAori) may be designed to target CTGF, TGF-B1, angiotensin II, and/or
leptin. In some embodiments, RNAi molecules (including sd-rxRNA and rxRNAori)
may be designed to target those genes listed in Tables 1-25.

Trabeculectomy failure

Trabeculectomy is a surgical procedure designed to create a channel or bleb

though the sclera to allow excess fluid to drain from the anterior of the eye, leading to
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reduced intracocular pressure (IOP), a risk factor for glaucoma-related vision loss. The
most common cause of trabeculectomy failure is blockage of the bleb by scar tissue. In
certain embodiments, the sd-rxRNA is used to prevent formation of scar tissue resulting
from a trabeculectomy. In some embodiments, the sd-rxRNA targets connexin 43. In
other embodiments, the sd-rxRNA targets proyly 4-hydroxylase. In yet other

embodiments, the sd-rxRNA targets procollagen C-protease.

Target genes

It should be appreciated that based on the RN A1 molecules designed and
disclosed herein, one of ordinary skill in the art would be able to design such RNAi
molecules to target a variety of different genes depending on the context and intended
use. For purposes of pre-treating, treating, or preventing compromised skin and/or
promoting wound healing and/or preventing, reducing or inhibiting scarring, one of
ordinary skill in the art would appreciate that a variety of suitable target genes could be
identified based at least in part on the known or predicted functions of the genes, and/or
the known or predicted expression patterns of the genes. Several non-limiting examples
of genes that could be targeted by RNAi molecules for pre-treating, treating, or
preventing compromised skin and/or promoting wound healing and/or preventing,
reducing or inhibiting scarring include genes that encode for the following proteins:
Transforming growth factor  (TGFB 1, TGFB2, TGF3), Osteopontin (SPP1),
Connective tissue growth factor (CTGF), Platelet-derived growth factor (PDGF),
Hypoxia inducible factor-1o (HIF1 ), Collagen I and/or III, Prolyl 4-hydroxylase (P4H),
Procollagen C-protease (PCP), Matrix metalloproteinase 2, 9 (MMP2, 9), Integrins,
Connexin, Histamine H1 receptor, Tissue transglutaminase, Mammalian target of
rapamycin (mTOR), HoxB13, VEGF, IL-6, SMAD proteins, Ribosomal protein S6
kinases (RSP6), Cyclooxygenase-2 (COX-2/PTGS2), Cannabinoid receptors (CB1,
CB2), and/or miR29b.

Transforming growth factor [ proteins, for which three isoforms exist in
mammals (TGFB1, TGFB2, TGFf3), are secreted proteins belonging to a superfamily of
growth factors involved in the regulation of many cellular processes including
proliferation, migration, apoptosis, adhesion, differentiation, inflammation, immuno-
suppression and expression of extracellular proteins. These proteins are produced by a
wide range of cell types including epithelial, endothelial, hematopoietic, neuronal, and

connective tissue cells. Representative Genbank accession numbers providing DNA and
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protein sequence information for human TGFB1, TGFP2 and TGFR3 are BT007245,
BC096235, and X14149, respectively. Within the TGFf family, TGFf1 and TGFP2 but
not TGF[3 represent suitable targets. The alteration in the ratio of TGFp variants will
promote better wound healing and will prevent excessive scar formation.

Osteopontin (OPN), also known as Secreted phosphoprotein 1 (SPP1), Bone
Sinaloprotein 1 (BSP-1), and early T-lymphocyte activation (ETA-1) is a secreted
glycoprotein protein that binds to hydroxyapatite. OPN has been implicated in a variety
of biological processes including bone remodeling, immune functions, chemotaxis, cell
activation and apoptosis. Osteopontin is produced by a variety of cell types including
fibroblasts, preosteoblasts, osteoblasts, osteocytes, odontoblasts, bone marrow cells,
hypertrophic chondrocytes, dendritic cells, macrophages, smooth muscle, skeletal muscle
myoblasts, endothelial cells, and extraosseous (non-bone) cells in the inner ear, brain,
kidney, deciduum, and placenta. Representative Genbank accession number providing
DNA and protein sequence information for human Osteopontin are NM_000582.2 and
X13694.

Connective tissue growth factor (CTGF), also known as Hypertrophic
chondrocyte-specific protein 24, is a secreted heparin-binding protein that has been
implicated in wound healing and scleroderma. Connective tissue growth factor is active
in many cell types including fibroblasts, myofibroblasts, endothelial and epithelial cells.
Representative Genbank accession number providing DNA and protein sequence
information for human CTGF are NM_001901.2 and M92934.

The Platelet-derived growth factor (PDGF) family of proteins, including several
isoforms, are secreted mitogens. PDGF proteins are implicated in wound healing, at
least in part, because they are released from platelets following wounding.
Representative Genbank accession numbers providing DNA and protein sequence
information for human PDGF genes and proteins include X03795 (PDGFA), X02811
(PDGFB), AF091434 (PDGFC), AB033832 (PDGFD).

Hypoxia inducible factor-1o (HIF1 ), is a transcription factor involved in
cellular response to hypoxia. HIF1at is implicated in cellular processes such as
embryonic vascularization, tumor angiogenesis and pathophysiology of ischemic disease.
A representative Genbank accession number providing DNA and protein sequence

information for human HIF1 o is U22431.
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Collagen proteins are the most abundant mammalian proteins and are found in
tissues such as skin, tendon, vascular, ligature, organs, and bone. Collagen I proteins
(such as COL1A1 and COL1A?2) are detected in scar tissue during wound healing, and
are expressed in the skin. Collagen III proteins (including COL3A1) are detected in
connective tissue in wounds (granulation tissue), and are also expressed in skin.
Representative Genbank accession numbers providing DNA and protein sequence
information for human Collagen proteins include: Z74615 (COL1A1), 103464
(COL1A2) and X14420 (COL3A1).

Prolyl 4-hydroxylase (P4H), is involved in production of collagen and in oxygen
sensing. A representative Genbank accession number providing DNA and protein
sequence information for human P4H is AY 198406.

Procollagen C-protease (PCP) is another target.

Matrix metalloproteinase 2, 9 (MMP2, 9) belong to the metzincin
metalloproteinase superfamily and are zinc-dependent endopeptidases. These proteins
are implicated in a variety of cellular processes including tissue repair. Representative
Genbank accession numbers providing DNA and protein sequence information for
human MMP proteins are M55593 (MMP2) and J0O5070 (MMP9).

Integrins are a family of proteins involved in interaction and communication
between a cell and the extracellular matrix. Vertebrates contain a variety of integrins
including o B1, 02P1, 0uPi, osPi, asPi, 0Pz, amPa, omPs, 0Ps, Ps, owPs, o6Pa.

Connexins are a family of vertebrate transmembrane proteins that form gap
junctions. Several examples of Connexins, with the accompanying gene name shown in
brackets, include Cx23 (GJEI), Cx25 (GJB7), Cx26 (GJB2), Cx29 (GJEI), Cx30
(GJBO), Cx30.2 (GIC3), Cx30.3 (GIB4), Cx31 (GJB3), Cx31.1 (GJBS), Cx31.9
(GJC1/GJD3), Cx32 (GIBI1), Cx33 (GJAO), Cx36 (GID2/GJA9), Cx37 (GJA4), Cx39
(GJD4), Cx40 (GJAS), Cx40.1 (GID4), Cx43 (GJAL), Cx45 (GIC1/GJAT), Cx46
(GJA3), Cx47 (GIC2/GIA12), Cx50 (GJAS), Cx59 (GJA10), and Cx62 (GJA10).

Histamine H1 receptor (HRH1) is a metabotropic G-protein-coupled receptor
involved in the phospholipase C and phosphatidylinositol (PIP2) signaling pathways. A
representative Genbank accession number providing DNA and protein sequence
information for human HRH1 is Z34897.

Tissue transglutaminase, also called Protein-glutamine gamma-

glutamyltransferase 2, is involved in protein crosslinking and is implicated is biological
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processes such as apoptosis, cellular differentiation and matrix stabilization. A
representative Genbank accession number providing DNA and protein sequence
information for human Tissue transglutaminase is M55153.

Mammalian target of rapamycin (mTOR), also known as Serine/threonine-protein
kinase mTOR and FK506 binding protein 12-rapamycin associated protein 1 (FRAP1), is
involved in regulating cell growth and survival, cell motility, transcription and
translation. A representative Genbank accession number providing DNA and protein
sequence information for human mTOR is L34075.

HoxB13 belongs to the family of Homeobox proteins and has been linked to
functions such as cutaneous regeneration and fetal skin development. A representative
Genbank accession number providing DNA and protein sequence information for human
HoxB13 is U57052.

Vascular endothelial growth factor (VEGF) proteins are growth factors that bind
to tyrosine kinase receptors and are implicated in multiple disorders such as cancer, age-
related macular degeneration, rheumatoid arthritis and diabetic retinopathy. Members of
this protein family include VEGF-A, VEGF-B, VEGF-C and VEGF-D. Representative
Genbank accession numbers providing DNA and protein sequence information for
human VEGEF proteins are M32977 (VEGF-A), U43368 (VEGF-B), X94216 (VEGF-C),
and D89630 (VEGE-D).

Interleukin-6 (IL-6) is a cytokine involved in stimulating immune response to
tissue damage. A representative Genbank accession number providing DNA and protein
sequence information for human IL-6 is X04430.

SMAD proteins (SMADI1-7, 9) are a family of transcription factors involved in
regulation of TGFp signaling. Representative Genbank accession numbers providing
DNA and protein sequence information for human SMAD proteins are U59912
(SMADI1), U59911 (SMAD?2), U68019 (SMAD?3), U44378 (SMAD4), U59913
(SMADS), U59914 (SMADG6), AF015261 (SMAD7), and BC011559 (SMAD?).

Ribosomal protein S6 kinases (RSK6) represent a family of serine/threonine
kinases involved in activation of the transcription factor CREB. A representative
Genbank accession number providing DNA and protein sequence information for human
Ribosomal protein S6 kinase alpha-6 is AF184965.

Cyclooxygenase-2 (COX-2), also called Prostaglandin G/H synthase 2 (PTGS2),

is involved in lipid metabolism and biosynthesis of prostanoids and is implicated in
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inflammatory disorders such as rheumatoid arthritis. A representative Genbank
accession number providing DNA and protein sequence information for human COX-2
is AY462100.

Cannabinoid receptors, of which there are currently two known subtypes, CB1
and CB2, are a class of cell membrane receptors under the G protein-coupled receptor
superfamily. The CBI1 receptor is expressed mainly in the brain, but is also expressed in
the lungs, liver and kidneys, while the CB2 receptor is mainly expressed in the immune
system and in hematopoietic cells. A representative Genbank accession number
providing DNA and protein sequence information for human CB1 is NM_001160226,
NM_001160258, NM_001160259, NM_001160260, NM_016083, and NM_033181.

miR29b (or miR-29b) is a microRNA (miRNA), which is a short (20-24 nt) non-
coding RNA involved in post-transcriptional regulation of gene expression in
multicellular organisms by affecting both the stability and translation of mRNAs.
miRNAs are transcribed by RNA polymerase II as part of capped and polyadenylated
primary transcripts (pri-miRNAs) that can be either protein-coding or non-coding. The
primary transcript is cleaved by the Drosha ribonuclease III enzyme to produce an
approximately 70-nt stem-loop precursor miRNA (pre-miRNA), which is further cleaved
by the cytoplasmic Dicer ribonuclease to generate the mature miRNA and antisense
miRNA star (miRNA*) products. The mature miRNA is incorporated into a RNA-
induced silencing complex (RISC), which recognizes target mRNAs through imperfect
base pairing with the miRNA and most commonly results in translational inhibition or
destabilization of the target mRNA. A representative miRBase accession number for
miR29b is MIO000105 (website: mirbase.org/cgi-bin/mirna_entry.pl?acc=MI0000105).

In some embodiments, the sd-rxRNA targets connexin 43 (CX43). This gene is a
member of the connexin gene family. The encoded protein is a component of gap
junctions, which are composed of arrays of intercellular channels that provide a route for
the diffusion of low molecular weight materials from cell to cell. The encoded protein is
the major protein of gap junctions in the heart that are thought to have a crucial role in
the synchronized contraction of the heart and in embryonic development. A related
intronless pseudogene has been mapped to chromosome 5. Mutations in this gene have
been associated with oculodentodigital dysplasia and heart malformations.
Representative Genbank accession numbers providing DNA and protein sequence

information for human CX43 genes and proteins include NM_000165 and NP_000156.
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In other embodiments, the sd-rxRNA targets prolyl 4-hydroxylase (PAHTM).
The product of this gene belongs to the family of prolyl 4-hydroxylases. This protein is a
prolyl hydroxylase that may be involved in the degradation of hypoxia-inducible
transcription factors under normoxia. It plays a role in adaptation to hypoxia and may be
related to cellular oxygen sensing. Alternatively spliced variants encoding different
isoforms have been identified. Representative Genbank accession numbers providing
DNA and protein sequence information for human PAHTM genes and proteins include
NM_177938, NP_808807, NM_177939, and NP_808808.

In certain embodiments, the sd-rxRNA targets procollagen C-protease.
The present invention is further illustrated by the following Examples, which in no way
should be construed as further limiting. The entire contents of all of the references
(including literature references, issued patents, published patent applications, and co
pending patent applications) cited throughout this application are hereby expressly

incorporated by reference.

EXAMPLES

Example 1: RXI-109 Efficiently Silences CTGF in in vitro and in vivo Preclinical
Experiments

Figure 1A demonstrates the in vitro efficacy of RXI-109. RXI-109 was tested for
activity in A549 (human adenocarcinoma alveolar basal epithelial) cells (10,000
cells/well, 96 well plate). A549 cells were treated with varying concentrations of RXI-
109 or non-targeting control (#21803) in serum-free media (Accell siRNA delivery
media, ThermoFisher). Concentrations tested were 1, 0.5, 0.1, 0.05, 0.025 and 0.01 uM.
The non-targeting control sd-rxRNA (#21803) is of identical structure to RXI-109 and
contains similar stabilizing modifications throughout both strands. Forty eight hours
post administration, cells were lysed and mRNA levels determined by the Quantigene
branched DNA assay according to manufacturer’s protocol using gene-specific probes
(Affymetrix). Data are normalized to a house keeping gene (PPIB) and graphed with
respect to the non-targeting control. Error bars represent the standard deviation from the
mean of biological triplicates.

Fig 1 B demonstrates CTGF silencing, in vivo (Rat skin) after two intradermal

injections of RXI-109.
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Data presented are from a study using an excisional wound model in rat dermis.
Following two intradermal injections of RXI-109, silencing of CTGF vs. non-targeting
control was sustained for at least five days. The reduction of CTGF mRNA was dose
dependent; 51 and 67% for 300 and 600 pg, respectively, compared to the dose matched
non-targeting control. Methods: RXI-109 or non-targeting control (NTC) was
administered by intradermal injection (300 or 600 pg per 200 pL injection to each of
four sites on the dorsum of rats on Days 1 and 3. A 4 mm excisional wound was made at
each injection site ~30 min after the second dose (Day 3). Terminal biopsy samples
encompassing the wound site and surrounding tissue were harvested on Day §. RNA
was isolated and subjected to gene expression analysis by qPCR. Data are normalized to
the level of the TATA box binding protein (TBP) housekeeping gene and graphed
relative to the PBS vehicle control set at 1.0. Each bar represents averaged data from 12
biopsies (3 rats with 4 treatment sites per rat). Error bars represent standard deviation
between the individual biopsy samples. p values for RXI-109-treated groups vs. dose-
matched non-targeting control groups were ** p <0.001 for 600 ng, * p <0.01 for 300
He.
Example 2: CTGF Silencing Does Not Delay, and May Enhance, Early Wound
Healing in a Rodent Model

Figure 2 demonstrates that CTGF silcencing does not delay, and may enhance,
early wound healing in a rodent model. Figure 2A depicts an outline of a large wound-
healing study that includes prophylactic dosing in rats: Methods: Four groups
containing 12 rats each received a 200 ul intradermal injection of 600 pg of RXI-109 at
each of two sites on the back. Forty-eight hours later the rats received a second injection
at each site followed by a 4 mm excisional wound 15 minutes following the injections.
Four rats were sacrificed on day 5 post wounding. Seven days post-wounding, the
remaining rats received an additional 200 ul dose of RXI-109 divided into 4x50 pl
injections surrounding the wound. Four rats per group were sacrificed on 9 and 15 days
post wounding. Wound width and visual severity were assessed daily on unanesthetized
animals throughout the study. At the time of sacrifice, the wound sites were harvested,
bisected, and half was fixed in zinc fixative before being processed to paraffin blocks.
Non-serial sections were cut and stained with Masson’s Trichrome and histological
assessments of wound width, wound area, re-epithelialization and granulation tissue

maturity were performed. The remaining half of each bisected sample was stored in
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RNAlater solution for 24 hours before being snap frozen at -80°C and shipped to RXi
Pharmaceuticals Corporation for gene expression analysis by gPCR. RNA was isolated
and subjected to gene expression analysis by qPCR.

Figure 2B demonstrates CTGF silencing, in vivo (Rat skin) after three
intradermal injections of RXI-109. Following two intradermal injections of RXI-109,
silencing of CTGF vs. non-targeting control was sustained for at least five days. The
reduction of CTGF mRNA was 53 % for 300 ng compared to the PBS control.

RNA was isolated and subjected to gene expression analysis by qPCR. Data are
normalized to the Sfrs11 housekeeping gene and graphed relative to the PBS vehicle
control set at 1.0. Each bar represents averaged data from 8 biopsies (4 rats with 2
treatment sites per rat). Error bars represent standard deviation between the individual
biopsy samples. p value for RXI-109-treated groups vs. PBS was p <0.0003 for the 300
ug dose.

Figure 2C demonstrates that administration of RXI-109 in rat skin does not delay
early wound closure as determined by wound with measurements. RXI-109 does not
delay early wound closure as determined by wound width measurements. The study
design and methods are given in Figure 2A. RXI-109 was administered by intradermal
injection two days before, at the time of wounding, and 7 days post wounding. On days
6 through 9, RXI-109-treated wounds were smaller in width than wounds treated with
PBS control (* p =0.002, 0.0008, 0.002 for RXI-109 600 ug dose vs. NTC on days 6, 7,
and 8, respectively).

Figure 2D demonstrates that administration of RXI-109 in rat skin does not delay
early wound closure as determined by histological measurements of percent re-
epithalization. RXI-109 does not delay early wound closure as determined by
histological measurements of percent re-epithelialization. The study design and methods
are given in Figure 2A. RXI-109 was administered by intradermal injection two days
before, at the time of wounding, and 7 days post wounding. Histological percent re-
epithelialization measurements show that RXI-109 treated wounds are re-epithelialized
to a greater degree than PBS treated wounds at 5 days post wounding (p = 0.004 vs
PBS). All wounds were fully re-epithelialized by 15 days after wounding.
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Example 3: RXI-109 Phase 1 Clinical Trials

Figure 3 depicts an overview of RXI-109 Phase I clinical trials: Study 1201 and
1202. Study 1201 consisted of the following: Phase 1 single center, randomized, single-
dose, double-blind, ascending dose, and within-subject controlled study of RXI-109 for
the treatment of incision scars. Study 1202 consisted of the following: Phase 1 single
center, randomized, multi-dose double-blind, ascending dose, and within-subject
controlled study of RXI-109 for the treatment of incision scars. Multiple parameters were
evaluated including: safety & side effect assessment versus vehicle, photographic
comparison versus vehicle, histological comparison of the scar sites versus vehicle, and

pharmacokinetic parameters after local intradermal injection.

Example 4: RX1-109-1201: Abdominal Incision Layout, Preliminary Blinded
Histology Data, and Blinded Data

Figure 4 depicts an overview of the incision layout for the Phase 1 clinical trial
RXI-109-1201. Subjects received a single intradermal injection of either RXI-109 or
Placebo according to a predetermined randomization pattern for each subject. Half of the
sites were treated with RXI-109, half with placebo.

Subjects (15 subjects (5 cohorts of 3 volunteer subjects)) received an ID injection

of RXI-109 at two sites on their abdomen, and an ID injection of placebo (PBS) at two

other sites. Small incisions were made at these sites on the following day, to mimic a
surgical procedure. The 5 dose levels tested were 1, 2.5, 5, 7.5 and 10 mg/injection for
each of two 2-cm incisions for a total dose per subject of 2, 5, 10, 15 and 20 mg
respectively. 84 days post administration biopsies of the incision sites were taken for
histological analysis.

RXI-109-1201 Dosing regimen: subjects treated 1 day prior to wounding.

Figure 5 depicts preliminary blinded histology data from RXI-109-1201 of
wound areas 84 days post incision. Images of the incision site are depicted above the
histology data. Biopsies of normal and treated skin samples were taken from subjects 84
days post wounding for histological evaluation. Wound area and CTGF levels were
determined for each sample.

Figure 6 depicts preliminary blinded histology data of the sum of the wound area,
from three sections per site, from the lower incision sites, 84 days post incision.

Biopsies of normal and treated skin samples were taken from subjects 84 days post
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wounding for histological evaluation. Wound area and CTGF levels were determined for
each sample.

Figure 7 depicts preliminary blinded histology data from RXI-109-1201 of
wound areas, CTGF staining and a-SMA staining 84 days post incision (20X
magnification).

Biopsies of normal and treated skin samples were taken from subjects 84 days
post wounding for histological evaluation. Wound area and CTGF levels were
determined for each sample. Smaller wound area appears to track with lower CTGF

expression levels.

Example 5: RX1-109-1202: Abdominal Incision Layout and Clinical Pictures and
Data of Subjects

Figure 8 depicts an overview of the incision layout for the Phase 1 clinical trial
RXI-109-1201. Subjects received a three intradermal injections, over two weeks, of
either RXI-109 or Placebo according to a predetermined randomization pattern for each
subject. Half of the sites were treated with RXI-109, half with placebo.

Subjects (12 subjects (4 cohorts of 3 volunteer subjects)) received an ID
injections of RXI-109 at four sites on their abdomen, and an ID injection of placebo
(PBS) at four other sites. Subjects received a total of 3 administrations of drug on days 1,
8 and 15. Small incisions were made, to mimic a surgical procedure, at these sites 30
minutes following the first administration,. The 4 dose levels tested were 2.5, 5, 7.5 and
10 mg/injection for each of four 2-cm incisions for a total dose per subject of 10, 20, 30
and 40 mg, per day, respectively. 18 and 84 days post wounding biopsies of the incision
sites were taken for histological and mRNA expression analysis.

RXI-109-1202 Dosing regimen: subjects were treated with drug on 3 occasions;
30 minutes prior to wounding, 1 week post wounding and 2 weeks post wounding.

Figure 9 depicts images of a subject’s incision sites 18 days post incision (3 days
after the 3rd and last dose) from the Phase 1 trial RXI-109-1202. The data presented are
blinded, code has not been broken.

Figure 10 depicts images of a subject’s incision sites 18 days post incision (3
days after the 3rd and last dose) as well as the corresponding relative CTGF mRNA
levels from each incision site from the Phase 1 trial RX1-109-1202. The data presented

are blinded, code has not been broken. Biopsies of normal and treated skin samples were
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taken from subjects 18 days post wounding for evaluation of CTGF mRNA levels.
CTGF and housekeeping mRNA levels were determined using qPCR (tagman Probes
ABI).

Example 6: RXI-109-1301: Abdominal Revised Scar Segment Layout, 1-month
Interim Analysis of Photographs

Figure 11 depicts an overview of RXI-109 Phase 2 clinical trial: Study RXI-109-
1301. Study RX1I-109-1301 consisted of the following: Multi-Center, Prospective,
Randomized, Double-Blind, Within-Subject Controlled Phase 2a Study to Evaluate the
Effectiveness and Safety of RXI-109 on the Outcome of Scar Revision Surgery on
Transverse Hypertrophic Scars on the Lower Abdomen Resulting from Previous
Surgeries in Healthy Adults. Multiple parameters were evaluated including: safety &

side effect versus vehicle and photographic comparison versus vehicle.

Figure 12 depicts an overview of the revised scar segment layout for the Phase 2
clinical trial RXI-109-1301. Subjects received three intradermal injections, over two
weeks, of either RXI-109 or Placebo according to a predetermine randomization pattern
for each subject (middle segment of the revised scar segment was left untreated). A
portion of the revised scar segment (R or L) was treated with RXI-109, while the other

portion (R or L) was treated with placebo.

Subjects (16 subjects (2 cohorts of 8 volunteer subjects) received ID injections of
RXI-109 on one section (R or L) of their revised scar segment, and an ID injection of
placebo (Saline) at the other site of the revised scar segment. Subjects received a total of
3 administrations of drug on days 1, 8 and 15 (Cohort 1) or on days 14, 21, and 28
(Cohort 2). The dose level tested was 5 mg/cm. Photographs of the revised scar segment

were taken at 1 month, 3 month, 6 months and 9 months post revision.

Figures 13 and 14 depict the 1-month interim analysis of photographs by blinded
evaluators. Evaluators were asked to (a) select whether one side (left or right) looks
better or if there is no difference (b) provide a VAS score from 0 (fine line scar) to 10
(worst scar possible). The interim analysis of the blinded evaluators suggest that
treatment with RXI-109 in Cohort 2 (days 14, 21 and 28) is better than treatment with
RXI-109 in Cohort 1 (days 1, 14 and 21). In Cohort 2 only, there was a statistical
preference for RXI-109 treated scars by both comparative observations (RXI-109
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treated- vs. placebo-treated scars) and by evaluation of the scars using a visual analog

scale.

Figure 15 depicts photographs of a scar segment pre-surgery and 1 month post
revision from subject in Cohort 1.
Figure 16 depicts photographs of a scar segment pre-surgery and 1 month post

revision from subject in Cohort 2.

EQUIVALENTS

Those skilled in the art will recognize, or be able to ascertain using no more than
routine experimentation, many equivalents to the specific embodiments of the invention
described herein. Such equivalents are intended to be encompassed by the following

claims.

All references, including patent documents, disclosed herein are incorporated by
reference in their entirety. This application incorporates by reference the entire contents,
including all the drawings and all parts of the specification (including sequence listing or
amino acid / polynucleotide sequences) of PCT Publication No. WO 2011/119887
(Application No. PCT/US2011/029867), filed on March 24, 2011, and entitled RNA
INTERFERENCE IN DERMAL AND FIBROTIC INDICATIONS, PCT Publication
No. W02010/033247 (Application No. PCT/US2009/005247), filed on September 22,
2009, and entitled “REDUCED SIZE SELF-DELIVERING RNAI COMPOUNDS,”
PCT Publication No. W02009/102427 (Application No. PCT/US2009/000852), filed on
February 11, 2009, and entitled, “MODIFIED RNAI POLYNUCLEOTIDES AND
USES THEREOF,” US Patent Publication No. US2014/0113950, filed on April 4, 2013,
entitled “RNA INTERFERENCE IN DERMAL AND FIBROTIC INDICATIONS,” US
Patent No. 8,796,443, granted on August 5, 2014, entitled “Reduced Size Self-Delivering
RNAi Compounds,” US Patent No. 8,644,189, granted on March 4, 2014 and entitled
“RNA Interference in Skin Indications” and US Patent Publication No. US 2011-
0039914, published on February 17, 2011 and entitled “Modified RNAi Polynucleotides
and Uses Thereof.”

What is claimed is:

127



10

15

20

25

30

WO 2015/085113 PCT/US2014/068654

CLAIMS

1. A method to reduce scarring during wound healing, comprising administering to a
human subject a therapeutically effective amount of a nucleic acid molecule for reducing
scarring, wherein the nucleic acid molecule is administered between 72 hours prior to a
wound and 24 hours after a wound.

2. The method of claim 1, wherein the nucleic acid is a chemically modified
oligonucleotide.

3. The method of claim 1 or 2, wherein the scarring is dermal scarring.

4. The method of claim 1 or 2, wherein the scarring is ocular scarring.

5. The method of any one of claims 1-4, wherein the nucleic acid molecule is
directed against a gene encoding for a protein selected from the group consisting of;
Transforming growth factor  (TGFR1, TGF[B2), Osteopontin, Connective tissue growth
factor (CTGF), Platelet-derived growth factor (PDGF), Hypoxia inducible factor-1at
(HIF1ar), Collagen I and/or 111, Prolyl 4-hydroxylase (P4H), Procollagen C-protease
(PCP), Matrix metalloproteinase 2, 9 (MMP2, 9), Integrins, Connexin, Histamine H1
receptor, Tissue transglutaminase, Mammalian target of rapamycin (mTOR), HoxB13,
VEGEF, IL-6, SMAD proteins, Ribosomal protein S6 kinases (RSP6) and
Cyclooxygenase-2 (COX-2).

6. The method of any one of claims 1-4, wherein the nucleic acid molecule 1is
directed against CTGF.

7. The method of any one of claims 1-6, wherein the nucleic acid molecule is single-
stranded.

8. The method of any one of claims 1-6, wherein the nucleic acid molecule is
double-stranded.

9. The method of any one of claims 1-6, wherein the nucleic acid molecule works
via a RNAi mechanism of action.

10. The method of any one of claims 1-6, wherein the nucleic acid molecule is RXI-
109, comprising a sense strand sequence of: G.mC. A.mC.mC.mU.mU.mU.mC.mU.
A*mG*mA.TEG-Chl (SEQ ID NO:1) and an antisense strand sequence of: P.mU.fC.fU.
A. GmA. AmA. G. GfU. GmC* A* A* A*mC* A* U (SEQ ID NO:2).

11. The method of any one of claims 1-6, wherein the nucleic acid molecule is an

siRNA directed to CTGF.
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12. The method of any one of claims 1-6, wherein the nucleic acid molecule is an
Antisense oligonucleotide (ASO) directed to CTGF.

13. The method of any one of claims 1-11, wherein the therapeutically effective
amount is between 0.5 to 20 mg per centimeter of the wound.

14. The method of any one of claims 1-3 or 5-13, wherein the nucleic acid molecule
is in a composition formulated for delivery to the skin.

15. The method of any one of claims 1-3 or 5-13, wherein the nucleic acid molecule
is in a composition formulated for topical delivery.

16. The method of any one of claims 1-3 or 5-13, wherein the nucleic acid molecule
is in a composition formulated for intradermal injection.

17. The method of any one of claims 1-2 or 4-13, wherein the nucleic acid molecule
is in a composition formulated for delivery to the eye.

18. The method of claim 17, wherein the nucleic acid molecule is in a composition
formulated for topical delivery.

19. The method of claim 17, wherein the nucleic acid molecule is in a composition
formulated for intravitreal injection or subretinal injection.

20. The method of any one of claims 1-19, further comprising at least a second
nucleic acid molecule, wherein the second nucleic acid molecule is directed against a
different gene than the nucleic acid molecule.

21. The method of any one of claims 1-20, wherein the nucleic acid molecule is
composed of nucleotides and at least 30% of the nucleotides are chemically modified.

22. The method of any one of claims 1-21, wherein the nucleic acid molecule has at
least one modified backbone linkage and at least 2 of the backbone linkages contains a
phosphorothioate linkage.

23. The method of any one of claims 1-20, wherein the nucleic acid molecule is
composed of nucleotides and at least one of the nucleotides contains a 2’ chemical
modification selected from OMe, 2° MOE (methoxy), and 2’Fluoro.

24. The method of any one of claims 1-23, further comprising administering at least a
second dose of the nucleic acid molecule more than 24 hours after the wound.

25. The method of any one of claims 1-23, further comprising administering at least
two more doses of the nucleic acid molecule more than 24 hours after the wound.

26. The method of any one of claims 1-23, wherein the wounding comprises skin

grafting.
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27. The method of any one of claims 1-25, wherein the nucleic acid molecule is
administered to a graft donor site.

28. The method of any one of claims 1-25, wherein the nucleic acid molecule is
administered to a graft recipient site.

29. A method to reduce scarring during wound healing, comprising administering to
a human subject a therapeutically effective amount of a nucleic acid molecule for
reducing scarring, wherein the nucleic acid molecule is administered between 7 days and
30 days after a wound.

30. The method of claim 29, further comprising one to five additional doses.

31. The method of claim 30, wherein the additional doses are administered weekly.

32. The method of claim 30, wherein the additional doses are administered every
two weeks.

33. The method of claim 30, wherein the additional doses are administered monthly.

34. The method of claim 30, wherein the additional doses are administered in any
combination of weekly, every two weeks and/or monthly.

35. The method of any one of claims 1-12 or 14-34, wherein the therapeutically
effective amount is between 0.1 to 20 mg per centimeter of the wound.

36. The method of any one of claims 29-35, wherein the nucleic acid molecule is
directed against a gene encoding for a protein selected from the group consisting of;
Transforming growth factor  (TGFR1, TGF[B2), Osteopontin, Connective tissue growth
factor (CTGF), Platelet-derived growth factor (PDGF), Hypoxia inducible factor-1at
(HIF1ar), Collagen I and/or 111, Prolyl 4-hydroxylase (P4H), Procollagen C-protease
(PCP), Matrix metalloproteinase 2, 9 (MMP2, 9), Integrins, Connexin, Histamine H1
receptor, Tissue transglutaminase, Mammalian target of rapamycin (mTOR), HoxB13,
VEGEF, IL-6, SMAD proteins, Ribosomal protein S6 kinases (RSP6) and
Cyclooxygenase-2 (COX-2).

37. The method of claim 36, wherein the nucleic acid molecule is directed against
CTGF.

38. The method of claim 37, wherein the nucleic acid molecule is RXI-109,
comprising a sense strand sequence of: G.mC. A.mC.mC.mU.mU.mU.mC.mU.
A*mG*mA.TEG-Chl (SEQ ID NO:1) and an antisense strand sequence of: P.mU.fC.fU.
A.GmA. AmA. G. GfU. G.mC* A* A* A*mC* A* U (SEQ ID NO:2).
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39. A method to reduce scarring following excision of a keloid, comprising
administering to a human subject a therapeutically effective amount of a nucleic acid
molecule for reducing scarring, wherein the nucleic acid molecule is administered
between 72 hours prior to excision and 24 hours after excision.

40. The method of claim 39, wherein the nucleic acid is a chemically modified
oligonucleotide.

41. The method of claim 39 or 40, wherein the nucleic acid molecule is directed
against a gene encoding for a protein selected from the group consisting of;
Transforming growth factor  (TGFR1, TGF[B2), Osteopontin, Connective tissue growth
factor (CTGF), Platelet-derived growth factor (PDGF), Hypoxia inducible factor-1at
(HIF1ar), Collagen I and/or 111, Prolyl 4-hydroxylase (P4H), Procollagen C-protease
(PCP), Matrix metalloproteinase 2, 9 (MMP2, 9), Integrins, Connexin, Histamine H1
receptor, Tissue transglutaminase, Mammalian target of rapamycin (mTOR), HoxB13,
VEGEF, IL-6, SMAD proteins, Ribosomal protein S6 kinases (RSP6) and
Cyclooxygenase-2 (COX-2).

42. The method of any one of claims 39-41, wherein the nucleic acid molecule is
directed against CTGF.

43. The method of any one of claims 39-42, wherein the nucleic acid molecule is
single-stranded.

44. The method of any one of claims 39-42, wherein the nucleic acid molecule is
double-stranded.

45. The method of any one of claims 39-44, wherein the nucleic acid molecule
works via a RNAi mechanism of action.

46. The method of any one of claims 39-45, wherein the nucleic acid molecule is
RXI-109, comprising a sense strand sequence of: G.mC.
A.mC.mC.mU.mU.mU.mC.mU. A*mG*mA.TEG-Chl (SEQ ID NO:1) and an antisense
strand sequence of: P mU.fC.fU. A. GmA. AmA. G. G.fU. G.mC* A* A* A*mC* A*
U (SEQ ID NO:2).

47. The method of any one of claims 39-42, wherein the nucleic acid molecule is an
siRNA directed to CTGF.

48. The method of any one of claims 39-42, wherein the nucleic acid molecule is an

Antisense oligonucleotide (ASO) directed to CTGF.
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49. The method of any one of claims 39-48, wherein the therapeutically effective
amount is between 0.1 to 20 mg per centimeter of the scar.

50. The method of any one of claims 39-49, wherein the nucleic acid molecule is in a
composition formulated for delivery to the skin.

51. The method of any one of claims 39-49, wherein the nucleic acid molecule is in a
composition formulated for topical delivery.

52. The method of any one of claims 39-49, wherein the nucleic acid molecule is in a
composition formulated for intradermal injection.

53. The method of any one of claims 39-52, further comprising at least a second
nucleic acid molecule, wherein the second nucleic acid molecule is directed against a
different gene than the nucleic acid molecule.

54. The method of any one of claims 39-53, wherein the nucleic acid molecule is
composed of nucleotides and at least 30% of the nucleotides are chemically modified.

55. The method of any one of claims 39-54, wherein the nucleic acid molecule has at
least one modified backbone linkage and at least 2 of the backbone linkages contains a
phosphorothioate linkage.

56. The method of any one of claims 39-55, wherein the nucleic acid molecule is
composed of nucleotides and at least one of the nucleotides contains a 2’ chemical
modification selected from OMe, 2° MOE (methoxy), and 2’Fluoro.

57.The method of any one of claims 39-56, further comprising administering at least
one additional dose following the first dose.

58. The method of claim 56, further comprising administering multiple additional
doses.

59. The method of claim 57 or 58, wherein the additional doses are administered
every other day following the first dose.

60. The method of claim 57 or 58, wherein the additional doses are administered
twice a week following the first dose.

61. The method of claim 57 or 58, wherein the additional doses are administered
weekly following the first dose.

62. The method of claim 57 or 58, wherein the additional doses are administered
every two weeks following the first dose.

63. The method of claim 57 or 58, wherein the additional doses are administered

every three weeks following the first dose.
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64. The method of claim 57 or 58, wherein the additional doses are administered
monthly following the first dose.

65. The method of claim 57 or 58, wherein the additional doses are administered in
any combination of daily, biweekly, weekly, every two weeks, every three weeks and/or
monthly.

66. The method of claim 57 or 58, wherein booster doses are administered.

67. The method of claim 66, wherein the booster doses are administered monthly or

every two months.
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Figure 1

RXI-109 Efficiently Silences CTGF in
in vitro and in vivo Preclinical Experiments
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» A549 cells were treated with RXI-109 and NTC
» Passive uptake 48 hours
« EC50 =29.4 +/- 6.3 nM
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Figure 1

RXI-109 Efficiently Silences CTGF in
in vitro and in vivo Preclinical Experiments

1B CTGF Silencing in vivo in Rat Skin
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mRNA levels were quantified by QPCR on Day 8, normalized to the
housekeeping gene and set relative to PBS.

**p=0.0015, ***0.0001 (relative to the dose-matched NTC)

PBS = Phosphate Buffered Saline (Vehicle Control)

NTC = Non-Targeting Control sd-rxRNA
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Figure 2

CTGF Silencing Does Not Delay, and May Enhance, Early Wound
Healing in a Rodent Model
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Figure 2

CTGF Silencing Does Not Delay, and May Enhance, Early Wound
Healing in a Rodent Model
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Figure 3

RXI-109 Phase 1 Clinical Trials

(1) Study 1201: Phase 1 single center,
randomized, single-dose, double-blind,
ascending dose, within-subject
controlled study of RXI-109 for the
treatment of incision scars

(2) Study 1202: Phase 1 single center,
randomized, multi-dose double-blind,
ascending dose, within-subject
controlled study of RXI-109 for the
treatment of incision scars

Parameters evaluated:
- Safety & side effect assessment versus vehicle
- Photographic comparison versus vehicle

- Histological comparison of the scar sites
versus vehicle

- Pharmacokinetic parameters after local
intradermal injection




WO 2015/085113 PCT/US2014/068654

6/18
Figure 4

RXI-109-1201: Abdominal Incision Layout
A o B

Wound Column | Column
Addresses A B
(Right) (Left)
Row 1 1A 1B
Row 2 2A 2B

» Four injections and incisions (2 cm in length) were made on the
abdomen.
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Figure 5

RXI-109-1201: Preliminary Blinded Histology Data
12 Weeks Post-Treatment

Normal Skin

N\
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* Preliminary blinded data
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Figure 6

RXI-109-1201 (Single Dose) Cohort 4:
Area (mm?) of Scar Tissue (BLINDED)

Example of blinded data from the lower 2 sites on
each subject
(reported as sum of area from three sections per site)

Average of 30% Difference belween Sides

18.00 17.29

Bd

16.00

_

A and B sides are treated with RXI-109 or placebo — Blinded
data
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Figure 8

RXI-109-1202: Abdominal Incision Layout

A o B

Wound Column | Column
Addresses A B
(Right) (Left)
Row 1 1A 1B
Row 2 2A 2B

* 8 injections and incisions (2 cm in length) were made on the abdomen —
each incision received 3 injections over a given time period
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Figure 9

RXI-109-1202: Clinical Pictures of Subject in
Cohort 2 (3 days after 34 and last dose)

R and L are on the right and left side of the abdomen, and are
treated with either RXI-109 or Placebo - Blinded Data — Code
has not been broken
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Figure 11

RXI-109 Phase 2 Clinical Trial

(1) Study 1301: Multi-Center, Prospective,
Randomized, Double-Blind, Within-Subject
Controlled Phase 2a Study to Evaluate the
Effectiveness and Safety of RXI-109 on the
Outcome of Scar Revision Surgery on
Transverse Hypertrophic Scars on the Lower
Abdomen Resulting from Previous Surgeries
in Healthy Adults

Parameters evaluated:
- Safety & side effect assessment versus vehicle
- Photographic comparison versus vehicle
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Figure 12

RXI1-109-1301:
Abdominal Revised Scar Segment Layout

R o L REVISED

SCAR

Untreated RXI1-109 or
Placebo

RXI-109 or
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Figure 13

RXI-109-1301
Lower Abdominal Hypertrophic Scars

Assessments of photographs by 11 blinded evaluators at 1
month post surgery

— (1) Select whether one side (left or right) looks better or if
there is no difference

— (2) Provide a VAS score from O (fine line scar) to 10 (worst
scar possible)

Cohort 1 (early treatment):

- 15 of 86 observations identified RXI-109 as better
Cohort 2 (delayed treatment):

- 52 of 88 observations identified RXI-109 as better

(p<0.001 Fisher 2-tailed)
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Figure 14

RXI-109-1301
Lower Abdominal Hypertrophic Scars

» Analysis of Visual Analog Scores from 0 to 10 at 1 month (lower
score is better) - Mann Whitney U test - 2 tailed

— Cohort 1 (treatment on days 1, 8 and 15):
» Median score for RXI-109 = 2
» Median score for Placebo = 2
Not significantly different
— GCohort 2 (treatment on days 14, 21 and 28)
» Median score for RXI-109 = 2
» Median score for Placebo = 2.5
- Significantly different at p<0.05
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Figure 15
RXI-109-1301: Month-1 Update (Cohort 1)
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Figure 16
RXI-109-1301: Month-1 Update (Cohort 2)

N

\\\\\.\:‘\: S = \\\

\ \\‘ \}\‘\ N
.
\\\ _ R L

R
R

o

“ Nk
. \ .
L

N

Fine line throughout Raised throughout
majority of scar majority of scar



INTERNATIONAL SEARCH REPORT '

Internaliona appliégtﬁ)ﬁ*ﬁ))."
PCT/US2014/068654

A. CLASSIFICATION OF SUBJECT MATTER
IPC(8) - A61P 17/02 (2015.01)
CPC - A61K 48/00 (2015.01)

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

B.  FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
IPC(8) - A61K 31/712, 31/713, 31/ 7115, 48/00; A61P 17/02, 27/02 (2015.01)

CPC - A61K 31/712, 31/713. 48/00; C12N 2310/11 (2015.01)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
CPC - A61K 31/712, 31/713. 48/00; C12N 2310/11 (2015.01) (keyword delimited)

USPC - 424/141.1; 514/18.6, 44.00A, 44.00R

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

Orbit, Google Patents, Google Scholar, Google.

Search terms used: scar, wound, keloid, nucleic acid, hours, days, weeks, reduce

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 2011/0054004 A1 (MUSTOE et al) 03 March 2011 (03.03.2011) entire document 1-3, 29

Y | 4,30-34, 3941

Y WO 2012/106508 A1 (PFIZER INC) 09 August 2012 (09.08.2012) entire document 4, 30-34, 39-41

A US 8,329,671 B2 (GU et al) 11 December 2012 (11.12.2012) entire document ' " 1-4, 29-34, 39-41

A WO 2004/064760 A2 (ARCHEMIZ CORPORATION) 05 August 2004 (05.08.2004) entire 1-4, 29-34, 39-41

document

D Further documents are listed in the continuation of Box C.

[]

* Special categor‘ies 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) - ’

“0” 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

10 February 2015

Date of mailing of the international search report

02 MAR' 2015

Name and mailing address of the ISA/US

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents
P.0. Box 1450, Alexandria, Virginia 22313-1450

Facsimile No. 571-273-3201

Authorized officer:
Blaine R. Copenheaver

PCT Helpdesk: 571-272-4300
PCT OSP: 571-272-7774




International applicatioh No..

INTERNATIONAL SEARCH REPORT

PCT/US2014/068654

Box No. II Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

I D Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2.( D Claims Nos.: .

because they relate to parts of the international application that do not comply with the prescribed reqtﬁrcments to such an
extent that no meaningful international search can be carried out, specifically:

3. Claims Nos.: 5-28, 35-38, 42-67 .
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. IIl  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

1. D As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims. - ' :

2. D As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees. ,

3. D As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. D No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest D The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee. ’ ,

I___I The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

D No protest accompanied the payment of additional search fees.’

Form PCT/ISA/210 (continuation of first sheet (2)) (July 2009)



	Page 1 - front-page
	Page 2 - front-page
	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 - claims
	Page 131 - claims
	Page 132 - claims
	Page 133 - claims
	Page 134 - claims
	Page 135 - claims
	Page 136 - drawings
	Page 137 - drawings
	Page 138 - drawings
	Page 139 - drawings
	Page 140 - drawings
	Page 141 - drawings
	Page 142 - drawings
	Page 143 - drawings
	Page 144 - drawings
	Page 145 - drawings
	Page 146 - drawings
	Page 147 - drawings
	Page 148 - drawings
	Page 149 - drawings
	Page 150 - drawings
	Page 151 - drawings
	Page 152 - drawings
	Page 153 - drawings
	Page 154 - wo-search-report
	Page 155 - wo-search-report

