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(57) Abstract: The present application relates to methods of administering a nucleic acid-based therapeutic, to treat a disease or dis -
order in a patient. The methods suitably comprise administering a first dose amount of a nucleic acid-based therapeutic during a first
treatment cycle, and administering a second dose amount of the nucleic acid-based therapeutic during subsequent treatment cycles,
wherein the first dose amount is lower than the second dose amount. In embodiments, the nucleic acid-based therapeutic is an
siRNA that is part of'a composition comprising a cyclodextrin polymer.
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METHODS FOR ADMINISTERING NUCLEIC ACID-BASED
THERAPREUTICS

BACKGROUND OF THE INVENTION

Sequence Listing

LGEEE The Instart application contains 8 Seguence Listing that has been
submitted in ASCH format via EFS-Web and is hereby incorporated by
reference in Hs entirety. Said ASCI copy, crested on June &, 2012, is named
$OS2CAGE i and is 41,726 byies in size.

Field of the Invention

B052] The present application relates t0 methods of sdministering a nucleic
acid-based therapeutic to treat g disease or disoeder in a patient. The methods
suiftably comprise administering 2 first dose amount of 8 nuclels acid-based
therapeutic during 2 first reatment cyele, and administering & second dose
amount of the nucleic acid-based therapeutic during subsequent freatment
eyeles, wherein the first dose amount is lower than the second doss smount,
In embodiments, the nucleic acid-based therapeutic is an siRMA that is part of

a3 composition comprising 8 cyelodestrin polvmer.

Background of the invention

{0831 Nucleic acid-based therapeutics have the potential 1o play 8 oritical role
in the treatment and prevention of numercus diseases and disorders, including
various cancers, AIDS, neurological disorders, and cardiovascular disorders.

16004} Mucleic acid-based therapy centers on the introduction of nucleic acids
into the cells or tissue of 3 patient, followed by processing of the information
coded by the nucleie acids introduced. Both DNA and RMNA including
plasmids containing transgenes for gene therapy, oliponuclectides for

antisense and antigene applications, ribozymes, DNArymes, aplamers,
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mikkA, antisense RNA, 4sRMNA, mBNA and siRMA, have demonsitated
polential as therapeutic candidates,

8088 Yarious methods for inoducing DNA and BNA into patients have
been developed. These methods include the use of viral vectors, direct
injection of DNA and RMA, and chemical methods 10 enhance delivery, Viral
veetors include refroviruses, adenoviruses, and asdeno-associated viruses,
Chemical methods 1o enhance delivery include calcium  phosphaets
transfection, the ase of oligonuclectides, Hpoplexes and polyplexes, and
dendrimers.  Direot injection of naked DNA and RNA has also boen
demonstrated. Injection can be performed directly with 2 oyringe and needle
into specific tissue, such as musels, using panticle bowbardment (e, gene
gun} technigues, electroporstion and sonoporation. Direct injection technigues
are simple amnd relatively safe but often resull in poor efficiency of gene
transter, and a low level of siable integration of the nueleic acid.

60851 One class of nuclelc acid-based theraspeutic iz RMNA interforence
{(BNAD, including the use of dsBNA and RNAI consiructs. dsBKA refersto s
deubde stranded RMA molecole capable of RNA interference {RNAD,
including short imierforing RNA (5IRNAY {see for example, Bass, 2001,
Nature, 411, 428-428; Blbashir er of., 2001, Nawre, 417, 494-498; and
Kreutzer o of, POT Publication No. WO 00/44895; Zemicks-Goesz e al.,
PCT Publication No, WO 01/385648; Firg, PCT Publication No. WO 99/32819;
Plactinek e of, PCT Publication Mo, WO 00/01846; Mello and Five, PCT
Publication No, WO 01/2903%; Deschamps-Depaillstte, PCT Publication No.
WO 98/47409; and Li e o, PCT Publication No. WO (0/44%814, the
disclosures of each of which are incorporated by reference heorein). RNAG
provides z useful method of inhibiting or reducing gene expression i1 vitre or
in vive,

{7} A challenge 1o the use of puckic acid-based therapsutics {including
EMAL is the intracstiuler delivery o the specific tissues and organs that
express the target gene. Upon introduction, the nucleic acid therapewtic must

remain functional and be capable of reaching the cell nucleus, withowt 2
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significant reduction in efficiency. Additionally, care must be taken to prevent
the nucleic acid from injtiating an immuns response in the patient. Once the
tharapeutic reaches the cell, integration inio the host genome must be
prevented in order o avold influencing exprossion of the host gengs and
potentiaily triggering the sxpression of an oncogene or destruction of 2 umor

SUPITEssOr gens.
SUMMARY OF PREFERRED EMBODIMENTS

{BO0E} The needs identified above by met by the present application providing
methods administering 8 nucleic scld-based therapeutic to treat a dissase or
disordey in 2 paticnt.

{0009 in embodiments, methods are provided of administering 2 nucleic scid-
based therapeutic 1o teat a disease or disorder in a patient.  The methods
suitably comprise adminisiering s first dose amount of & nucleic acid-based
therapeutic during a fivet trestment cvcle, and administering a second dose
amout of the mucleic acid-based therapeutic during subscguent treatment
cycles. Suitably, the first doss amount is lower than the second dose amount.

BO018} I exemplary embodiments, the first dose amount 5 about § my/m” o
about 27 my/me”, or about 15 me/m® to about 20 mg/m’, or more suitably about
1% mg/m’. Suitably, the second dose amount is about 20 rmg/me to shout 50
mgim’, more suitably about 25 my/m” to about 40 mg/m. In embodiments,
the first dose amount is about 20% o about 30% lower, abowt 30% o about
40% lower, about 40% io about 30% lower, about 30% 1o about 80% lower,
about 80% to about 70% lowes, abowt 70% to about 86% lowsr, about 0% 1o
about 0% lower, or ahout 80% to zbout 9% lower than the second doss
arount,

HELD Y Sultably, the first and subsequent treatrent ayeles are 11 day 1o 49 day
treatment cycles, including 21 day reatment cyeles, In smbodiments, the fivst
and subsequent treatment cycles comprise administering on days 1, 3, 8, and

1} of the treatment cyvcles.
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86612} in embodiments, the nucleic acid-based therapeutic it an SIRNA,
dsRNA, miRNA, antisense RNA, aplamer, ribozyme, or an enzymatic nucleic
acid.  Suitably, the siRNA reduces the expression of a ribonuclectide
reductase subunii 2 {(R2) in a cell. In further embodiments, the siRMA reduces
the expression of endothelial PAS domain protsin | (EPASD inacell

HELRY] in embodiments, the nucleic acid-based therapeutic is part of a
composition comprising the nucleic acid-based therapsutic and a cyclodexirin-
containing polymer, Suitably, the composition further comprises a stabilizing
agent, for example, a stabilizing agent comprising an adamantane (AD) group
and a polyethylene glveol (PEG).  In embodiments, the composition further
comprises a fargeting agent, including a targeted agent comprising an
adamantane (AD} group, a polysthylene ghyeol (PEG) and & targeting ligand,
such as transferrin.

{00014 In embodiments, the cyclodexirin-comaining polymer 8 a -
cyclodextrin-containing polymer,

(R R Suitably, the disease or disorder is selecied from the group consisting
of cystic fibrosis, Gaucher’'s disease, muscular dystrophy, AIDS, cancer,
progressive heart failure, restenosis, hemophilia and neurclogical conditions,
In embodiments, the cancer is multiple myeloma, leukemia, welanoma, or
ovarian cancer,

{0816} Also provided are methods of administering an siBMNA to wreat &
disease or disorder in & patient. The methods suitably comprise administering
during & first treatment cycle a first dose amount of an sIRNA composition
comprising the siRNA, a cyclodextrin-containing polymer, & stabilizing agent
comprising an adamantane {AD)} group and & polysthylene glyeol (PEG), and
& targeting agent comprising an adamaniane {ADD} group, a polyethylens
glycol (PEG) and a targeting Bgend.  The methods further comprise
administering a sccond dose amount of the siRNA composition during
subsequent treatment cycles. Suitably, the first dose amound is lower than the

second dose amount.
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L Exemplary dose amounts, treatment oycles and siRNAs are described
throughout.
60813} Also provided are methods of administering an siRNA o weat a

disease or disorder in a pationt. Suitably, the methods comprise administering
during a first 21 day treatment cycle, a first dose of about 18 mg/m® of an
siRNA composition comprising, the siRNA, a oyclodextrin-containing
polymer, a stabilizing agent comprising an adamantane (A} group and 3
polvethylene glyeol (PEG), and g tergeting agent comprising an adamantane
(AN group, 3 polyethyiens ghyeol (PEG) and tramsferrin. The methods
further comprise administering a second dose of sbout 23 mg/m® to about 40
mg/m® of the sIRNA composition during subsequert 21 day treatment cyeles.

[Bo819] in further embodiments, methods are provided of reducing an imimune
response 0 SIRNA. The methods suitably comprise administering during 3
first treatment ovcle 2 first dose amount of an siIRNA composition comprising
the siRNA, a cyclodextrin-containing polymer, a stabilizing agent comprising
an adamantane {AD) group and a polysthylene glveol (PEG), and a targeting
agent comprising an adamantane {ADY group, a polysthyiene glveol (PEG)
and a targeting ligand. The methods further comprise administering a sscond
dose amount of the siBNA composition during subsequent treatment cveles.
Suiiably, the first dose amount is lower than the second dose amount.

[B8820] in embodiments, the methods reduce levels of [L-6 and/or THNF-o.

LAY Further embodiments, features, and advantages of the embodiments, as
well a5 the structure and operation of the various ersbodiments, are deseribed

in detail below with reference {0 sccompanying drawings.
BRIEF DESCRIPTION OF THE FIGURES

080221 FIGE, 1A-1C show average Cyele 1 {over Days 1-10) and Cyele 2
{over Days 22-31) plasma concentrations of 1L-10, {L-6 and THF-g by dose

level for an siRNA-cyclodexirin composition.
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LYY FIG. 2 shows average maximum plasma concentration of 1110, 18
and TNF-g during Cyele 1 FCP) as a function of siBNA-cyclodextrin
composition dose level,

[B0824] FIG. 3 shows plasma concentrations of cviokines I8, TNF- o and {1~

14 i 2 patient over Cyeles 1-6.

DETAILED DESCRIPTION OF PREFERRED EMBOTHMENTS

{281 i1 should be appreciated thet the partfcular implementations shown and
described herein sre examples snd are not intended fo otherwise fimit the
scope of the application in any way.

{B08246] The published patents, patent apphications, websiles, company names,
and scientific Herature referred to horeln are hereby incorporated by reference
in their entirety i the same extent as if each was specifically and individusily
tddicated 1o be incorporated by reference. Any conflict betwesn any reference
cited hersin and the speeific teachings of this specification shall be resolved in
favor of the latier. Likewise, any conflict between an arl-understood
definition of 2 word or plwase and a definition of the word or phrsse as
specifically taught in this specification shall be resolved in favor of the latter.

[RGazTY As used in this specification, the singular forms “a,” “an” and “the”
specifically 2lso encompass the plural forms of the terms o which they refer,
uniess the content clearly dictates otherwise. The term “shout™ is used hersin
to mean approximately, in the region of, roughly, or around. When the term
“shout” is used in conjunction with 3 numerical range, i modifies that rangs
by extending the boundarizs above and below the nwmerical values set forth.
In general, the term “abowt™ is used herein 10 modify & numerical value above
and below the stated value by a variance of 2094,

108281 Technical and scientiBlc derms wsed hercin have the meaning
commonly understood by one of skill in the art to which the presemt
application pertains, uniess otherwise defined. Reforence is mads herein to

various methodologies and materials known 1o those of skill in the art.
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166029 in embodiments, methods are provided for administering & nucleie
acid-hased therapeutic o treal a disease or disorder in g patient. The methods
suitably comprise administering a first dose amount of a nucleic scid-based
therapeutic during a first treaiment cycle, and administering a second dose
amount of the mucleic acid-based therapeutic during subsequent treatment
cyoles. Suitably, the first doss amount is lower than the second dose amount,

8006301 As used hersin, the term “mucleic acid-based therapeutic” refers o an
SiRMA, dsRMNA, mikNA, antisense RNA, aptamer, ribozyme, of a8 enzymatic
nucleic acid,

160831} The term "dsRNA" a3 used herein refers to z double stramded RMNA
moleculs capable of RNA imerference (RMAD, including siRNA (ses for
example, Bass, 2001, Nature, 411, 428-429; Elbashir et al., 2001, Nature, 411,
494-498; snd Kregtzer et ab, PCT Publication No. Wi ${/448%3; Zemicka-
Guoetz ot al, PCT Publicatinn No, WO 81/36646,; Firg, PUT Publication Mo,
WO 9932619, Plastinek et al, PCT Publication No. WO 00/01846; Mello and
Firg, PCT Publication No. WO 01729838, Deschamps-Depailiette, PCT
Publication Mo, WO 9%/07409; and Li et al, PCT Publication No. WO
(0/44914, the disclosures of each of which are incorporated by refersnce
herein in their entireties). In addition, RNAI is & term initially spplied to 2
phenomenon ohserved in plants and worms where dooble-strandsd RNA
{3sRINA) blocks gene sxpression in a specific and post-ranscriptional manner,
RMAG provides g useful method of inhibiting or reducing gene expression i
vifeo of iR vive,

1B0832] The term “short interfering RNA" "siRMNA)" or "shost inlerfering
mucleic acid,” as used herein, refers o any nuckeic acid capable of mediating
BWAL or gens silencing when processed appropriaiely by a cell For example,
the siRNA can be a doubls-siranded polvaucieotide molecule comprising self-
complementary sense and antisense regions, wherein the antisense region
comprises complomentarity t© 4 largst gene. The siRNA can be a single-
stranded  halmpin  polymuclestide having  self-complomentary senss and

antisense regions, wherein the antisense region comprises complementarity to
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s target gene. The siRMNA can be a circular single-stranded polynucleotide
having two or more foop structures and a stem comprising selfcomplementary
sense and antisense regions, wherein the antisense region comprises
complementarity 1o a target gene, and wherein the circular polynucleotide can
be processed either in vive or fn vifro ©0 generate an active siENA capable of
mediating BRNAL The siBNA can alse comprize 2 single stranded
polynucieotide having complementarity 10 3 targel gone, wherein the siongle
stranded polynucieotide can further comprise 2 orminal phosphate group, such
as & $-phosphate (see for example Martines et al,, 2002, Cell, 1190, 363-574),
or ¥, 3 -diphosphate. In certain embodiments, the siRNAs are non-enzymatic
nucleic acids that bind to a target nucleic soid and alter the activity of the
target nucleic acid. Binding andfor activity of the siRNA may be facilitated by
inferaction with one or more profein or profein complexes, such as the RNA
Induced Silencing Complex {or RISC). In certain embodiments, the siRNAs
comprise 8 sequence that is complementary to a targe! sequence along a single
contiguous sequence of one strand of the siRNA molecule.

180033} Optionally, the siRMAs of the application contain & nucleotide
sequence that hyvlwidizes under physiologic conditions {e.g. in a celiular
environment) 1o the nucleotide ssquence of at least 8 portion of the mRMA
transeript for the gene to be inhibited {the "wrget” gone). The double-stranded
RMNA nesd only be sufficiently similar to natural RNA that it has the ability to
mediate RNAL Thus, the application has the advaniage of being able to
tolerate sequence varigtions that might be expected due to genetic mutation,
strain polymorphism or evolutionary divergence. The number of tolerated
nucleotide mismatches betwsen the target sequence and the aiRNA sequence
is no more than 1 in 3 basepairs, or | in 10 basepairs, or 1 in 20 basepairs, or 1
in 50 basepairs. Mismatches in the center of the siRNA duplex are most
critical and may sssentially abolish clegvage of the target RNA. In contrast,
nucleotides at the 3 end of the siRNA sirand that is complementary to the
target RKNA do not significently coniribuie to speaficity of the target

recognition, Sequence identity may be optimized by sequence comparison and
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alignment algorithms known in the art (ses Gribskov and Devereux, Sequence
Analysis Primer, Stockion Press, 1991, and reforences cited thersind and
calculating the percent difference beiwesn the nuclectide segquences by, for
examnple, the Smith-Watsrman algovithm as implemented in the BESTEIT
software program using defsult perameters {e.g, University of Wisconsin
Genetic Computing Group). Greater than $0%, 9354, 96%, 97%, 98%, or 99%
ssquence identity, or even 180% sequence hlentity, betwesn the siBNA and
the portion of the tergst gene iy preforred, Alternatively, the duplex region of
the KNA may be defined functionally as g nucleotide sequence that s capable
of hvbridizing with a portion of the farget pene iranseript under siringent
conditions {e.g., 408 mbM NaCl, 40 mM PIPES pH 6.4, 1 ;M EDTA, 50°C. or
FC. hybridization for 12-16 hours; followed by washing).

{60854 The double-stranded structure of dsRNA may be formed by a single
seif-complementary RMA strand, two complementary RNA sirands, or 2 DNA
strand and g complementary RNA strand, Optionally, RNA duplex formation
may be initiated either inside or outside the cell. The RNA may be introduced
i an amownst which allows delivery of at least one copy per eoll. Higher doses
{e.g., at least 5, 10, 104, 300 or 1000 copies per cell) of double-stranded
malerial may yvield more effoctive inhibition, while lower doses may also be
useful for specific applications. Inbibition i3 sequence-specific in that
nucleotide sequences corresponding to the duplex region of the RNA are
targeied for inhibition.

[BHR35] As describad bereln, siRNAs comprise a duplex region about 19-30
suclestides in length, abowt 2127 nucleotides in length, abouwt 21-25
nucleotides in length, or about 21223 nucleotides in length. The siRNAg are
understood o rgornit nuclease complexes and guide the complexes w the
target gene transoript by pairing 1 the specific sequonces. As a result, the
sarget gone (ranseript is degraded by the nucleasss in the profein complex. In
certain embodiments, the siRNA molecules comprise 2 3 hvdroxyl group. In
certain embodiments, the siRNA constructs can be generated by processing of

longer double-stranded BNAs, for example, in the presence of the enzyme



WO 2012/174224 PCT/US2012/042433

T

dicer. In one embodiment, the Dvosophila i vitre systems is used. In this
embodiment, dsBNA i3 combined with 2 soluble extract derived from
Drosophila embrye, therehy producing 2 combination. The combination is
maintained woder conditions in which the dsRNA is processed to BNA
molecules of abowt 21 to sbout 27 nucleotides, The siRNA molecules can be
purified using a number of technigues known to those of skill in the art. For
example, gel electrophoresiz can be used to purify siRNAs. Allernstively, non-
denaturing methods, such as non~-denaturing column chromatography, can be
used to purify the siRNA. In addition, chromatography {e.g., size exchusion
chromatography), glveerol gradient centrifugation, affinity purification with
antibody can be used o purify siRMAs,

{89436} Production of the sublect dsBMAs {e.g., siEMAS) can be carried out by
chemival synthetic methods or by recombinant mucleic acid technigues,
Endogenous RNA polvmerase of the treated cell may mediate transcription in
vive, o cloned RMNA polymerase can be used for tanscription in vitro. As
used herein, dsRNA or siRMNA molecules of the application need not be
fimied {0 thoss molecules containing only RMA, but further encompasses
chemically-modified nucleotides and non-nucipotides.

{B00637 The nucleic acid-based therapoutics {e.g., siENA)Y may inclede
modifications o sither the phosphais-sugar backbone or the nuclsoside, .5,
to reduce susceptibillly lo cellular nucleases, improve biogvailability, improve
formulation characteristics, andfor change other pharmecckinetic properties.
To iHustrate, the phosphodiester linkages of natursl RNA misy be modified to
include at kzast one of a nitrogen or sulfur heteroatom. Modificstions ia RNA
struciure may be tailored o allow specific gonetic inhibition while avoiding a
general response o deRNA. Likewise, bases may be modified to bleck the
seiivity of adenosine deaminase. The dsEMAs may be produced enzymatically
or by parialftotal organic synthesis, any modified ribonucientide can be
introduced by in vifro enzymatic or organic synthesis. Methods of chemically
modifying RMNA molecules can be adapted for modifying dsBNAS (e, 2.2,
Heidenreich of al, (1997 Nucleic Acids Res, 25:776-780; Wilson et al. {1984)
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¥ Mol Recog 7:89-98; Chen ot al. {1995) Mucleln Acids Res 23:2661-2686%;
Hirschbein et al. {1947) Antisense Nucleic Acid Drug Dev 7:55-61), Merely 1o
iflustrate, the backbone of an JsRNA or siRNMNA can be modified with
phosphorothicates, phosphoramidate, phosphadithioates, chimeric
methyiphosphonate-phosphodiesters,  peptide nucleic  acids,  S-propynyl-
pyrimidine containing oligomers or suger modifications {e.g., 2'-substiuted
ribonucieosides, c-configuration). In certain cases, the dsRNAs of the
application lack 2-hydroxy (2W0OH) containing nucleotides. In cerain
embodiments, the siRNA molecules comprise s phosphorothioate senge strand,
In ceriain embodiments, the siRNA molecules comprise a phosphodiesier
antisense strand,

G038 in exemplary embodiments, the first dose amount of the nucleic acid-
based therapeutic is in the range of about § mg/m’” to about 40 mg/m®. Those
of ordinary skill in the art are readily able o deisrmine 3 patient’s body
surface area {BSA) in square meters (m™), for example, by wilizing methods as
disclosed in DuBols e af, droh By Med 17:863-871 {1918}, 50 83 1o
stfectively compute the appropriate dose amount.

[B8039] suitably, the first dose amount of the nucleic acid-based therapeutic is
about 7 mgim® to about 30 mg/n’, about 9 mig/m® to about 27 mg/m®, abowt 11
mgim® 1o abows 27 mg/m’, abowt 15 mgfm® to sbout 27 mg/m’, about 15
mgim® to abowt 25 wg/m’, abowt 15 mg/m’® to about 23 mg/m’, about 15
mgim® to about 20 mg/m’, including any values in between thess ranges,
suitably about 15 mg/m?, ahout 16 mge’mz, about 17 mg/m”, abowt 18 mg/m®,
about 19 mg/m®, or about 20 mg/im’.

{BOB48] In embodiments, the second dose amount of the nuckele acid-based
therapeutic is about 10 mg/m® to about 50 mp/m’, sultably aboui 15 mg/m® o
about 56 mg/'mz, about 18 mg/m® 1o about 50 mg/m®, abous 20 mgimz to about
50 mgfm®, about 20 mgim® to about 45 mghim?, about 20 mp/m’® o about 40
mgime, abowt 25 mgim® to about 40 mgfm?, including values between these
ranges, suitably about 25 mg/m’, about 26 mg/im®, about 17 rag/m®, about 28

5 ¥ . ~ ;. 2 2
meg/m?, about 29 mg/m?, shout 30 myg/in®, about 31 mg/m®, about 32 mgim’,
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about 33 mg/m’, about 34 mgfm”, about 35 mig/ny’, about 36 mg/m’, about 37
mg/m®, about 38 mgim®, about 3% mg/m®, or about 40 mg/m®.

80841} In additions! embodiments, the frst dose amount of the nucleic scid-
based therapeutic 5 In the range of at least about 5 mg/m” to at keast about 40
rog/nc, Suitably, the first dose amount of the nuclels acid-based therapeutic 5
at least sbout 7 mg/m® to about af least 30 mg/m’, at least abowt 9 gm0
ahout af least 27 mgfmz, af jeast about 11 mgf'mz to at least about 27 mgfmz, at
least shout 15 mg/m® o at least shout 27 mg/ny’, at least about 15 me/m? o
aghout at least 28 mgfmz, at least about 15 mgf'mz to af lesst about 23 mgfma, at
least about 15 mg/m® 1o af least about Y0 mg/nd’, inchuding any values in
between these ranges, suitably at least sbout 15 mg/m®, at least about 16
mg/m®, at least sbout 17 mg/m?, at least about 18 mg/m®, at least abowt 19
mg/m®, or at least about 20 mg/m’,

(66842} In additional embodiments, the second dose amount of the nucleic
acid-based therapeutic is at Jeast about 10 my/m” fo at least about 50 Mg,
suitably at jeast about 15 mgfm® to at least about 50 mg/m®, at least abowt 13
mgfm® to at least about 58 mghm®, at least about 20 mg/m” 1o at least about 50
mgf‘mz, at lesst about 20 myp/m® 1o at least about 45 mg/m’, at least about 20
mg/nt 1o af least about 40 mg/u, at least abowt 25 mg/m” to at loast about 46
mg.fmg, including values between these ranges, suitably at least shout 23
mgfm®, 2t lesst about 26 mghm?, at least ahowt 27 mgim’, at least about 28
mg/m’, at least about 28 mg/nt’, at least abowt 30 mg/m’, ot least sbout 31

mg/m®, at least about 32 mgint, at least abowt 33 mpg/m’, at least about 34

]

mgf’m:", al least about 35 mgfm?‘, at least about 36 mg}mg, at least about 3
mg/m®, at least about 38 mg/m?, at teast sbowt 39 rog/me, or at least about 40
mgfmz.

808431 A person of ordingry skill in the art is readily able to determine the
appropriate dosage amount based on the height, weight, age and other patient
factors, when administering the nucleic acid-based therapeutics described

herein,
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{B0044] Suitably, the first dose amount is about 1% 1o about 18% lower, abowt
10% to abowt 20%% Jowsr, about 2056 to about 30% lower, sbout 30% 0 sbout
40% lower, about 40% 1o ahouwt 50% lower, about 50% to ahout 60%% fower,
about #0% 1o about 70% lower, abowt 70% io about §0% lower, about §0% to
shout 90% lower, or about 0% to about 99% lower than the sscond dose
amount,

180045} The first and/or second dose amounts can be administered fo the
patient via any suitable administration route, including, but not limited 1o,
topical, intravenous, intramusculer, intraanerisl, inirathecal, intrscapsular,
intracrbital, intracardiac, intradermal, intraperitonesl,  wansiracheal,
subcutaneous, subcuticular,  intramrticulsr,  subcapsular,  subarachnoid,
mtraspinal, intrgsternal injection and infusion, and intrahepatic arterial
administration {including intrahopatic injection and intrshepsatic nfusion). In
embodiments where an Infusion is utilized {o.g., an intravenous infusion), the
administration can take place over any suiiable infusion time, for example,
over the course of ut least about 15 minutes, at least abowt 39 mimstes, gt least
ghout 1 hour, at least about 2 houwrs, at least abow 3 hours, at least sbout 4
Bours, at least abowt 5 hours, eto.

HEELERY As used hergin, the term “trestment oyvele” refers to the period over
which the nucleic acid-based therapeutic is administered o 3 patient. The
treatment cycle beging on the first day that the ireatment is administered and
ends on the day prior (0 beginning & new, subsequent Breatment cyele, or ends
ot the last day of all edministrations,

[B0a47] in exemplary embodiments, the treatment cyole is & 7 day 1o a 80 day
reabment cyele, sultably a 7 day 1o 42 day trestment cycle, more suitably 2 7,
8 %, 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 or 42 day trestmient cvele.
Other treatment cycles can be determined and utilized by 2 person of crdinary
skill in the art,

048] In suitable embodiments, the first dose amount is administered o the

patient on the first day of the first treatment cvels {Le, day | of the first
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treatment ovele). As used herein, “subsequent treatment days of the treatment
cyele” refers to any day after day | of a treatment oyole. After administration
of the first dose amount on day 1 of the first treatment cycle, the first dose is
then suitably administered on subsequent treatment days of the first treatment
cycie. For example, the first dose amount can bs administered on days 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 ctc., of the first trestment cycle, or on any individual day{s) or
combination of day{s) of this first treatment cycle. For example, the frst dose
amount can be administered on day 1, day 3, day & and day 10 of the first
treatment cyele (e, 8 21 day treatment cyole), or day |, day 3, day 8, day 10,
day 14 of the first treatment cycle, or on every day, or any combination of
days, of the first reatment cyele,

{80849} fo embodiments, the second dose amount of the nucleic acid-based
therapeutic is suitably administered during subsequent treatment ¢ycles, Thus,
following administration of the first dose amount during the first reatment
eycle, the seoond dose amount is administered during subsequent treatment
eveles, Lo, any of all subsequent treatment cveles following the first treatment
cycle. For example, the first treatiment eycle can comprise an 11 day 1o 2 49
day treatment cycle, including 3 21 day treatment cyole. Subseguent troatment
cycles can also comprise 11 days to 49 days, following the end of the first
treatment cyole. The total treatment regimen comprises all of the ireatment
cycles administered to a patient, e, the first treatment cyele and any and all
subsequent treatment oveles.  Sultably, the tolal weatment regimen will
comprise 3 first weatment oyole, followed by any suitsble number of
subsequent treatment oveles, Le, atleast 1,2, 3,4, 5,6, 7, §, 8, 10, 11, 12, 13,
14, 15, 16, 17, 18, 19, 24, ¢to,, subsequent treatment cvcles.

F80058] in embodiments, the first freatment cycle and subssquent treatment
cyoles can comprise the same sumber of total days (ie,, 14, 21, 28, days, cic),
or they can comprise different numbers of total days. For example, the firgt
treatment cycle can comprise more {otal treatment days (e, 28 daysftreatment

cyele}, and the subsequent treatment oycles can comprise less total reatments
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days {le., 21 days/irestment oyele). In further embodimemns, the frs
tregiment cycle can comprise less total reatment days {ie, 21 days/treatment
cyclel, and the subscquent treatment cveles can comprise more total
treatments days (e, 28 daysfirestment cyelel.  Other total numbers of
reatment days, as described herein, can be utilized as well.

D005} After adminisiration of the second dose amount on day 1 of 8
subsequend trestment oyele, the second dose is then sultably sdministered on
subsequent trestment days of the subsequent reatment cveles, For example,
the second dose amount can be administiered ondavs 2, 3, 4, 5, 6, 7, &, 9, 14,
P, 02,03, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, etc., of the
subsequent treatment cyvele(s}), or on any individual day{(s), or combination of
dayv{s} of the subsequent treatment cycle{s). For example, the second dose
amount can be administered on day 1, day 3, day 8 and day 10 of the
subseguent treatment cyele(s) {Le., 21 day treatment ovcles), or on day 1, day
3, day 8, day 10 and day 14, or on svery day, or any combination of days, of
the subssquent freatmient cycles.  In other embodiments, the second dose
amount can be administered on any subseguent day of the subscguent
treatment cycle(s}, and can be repeated on any subsequent day or subsequent
days of the subseguent treatment cyele(s).

LHEE In further embodiments, the first trestment cyele and subsequent
treatinent oycles can comprise administering on days 1, 8, 15, for svery 28
days of a reatment cvele, on days T and 18 of every 78 days of a treatment
cyele, or on days | oand § of every 21 day wreatiment ovele, or on every day, or
any combination of days, of a 21 or 28 day treatment cygle.

{0853} Suitably, the second dose amount is sdministered during any and all
subsequent freatmeant cyeles,  However, in embodiments, the second dose
smount can be varled from one subsequent treafment syele 1o another
subsequent reaiment cyele, and can either be more or less than any other
subsequent ireabment oycle.

LR Suitably, a weatment regimen comprises a first treatment cyole

followed by 1, 2, 3, 4 or § subsequent freatment oycles. In embodiments, the
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first dose amount is administered during the first weatment cyele, and the
second dose amount is administered during subsequent treatment cyeles, e.g.,
during subsequent trestment cyeles 2, 3, 4, §, ete. In further embodiments, the
first dose amount can be administered during the firet treatment cyele, as well
as any of the subsequent treatment cycles, to further inoresse the tolerance of
the patient. For example, the first dose amount can be administered doring the
first treatment cvele, as well as during a second, third, fourth, oic,, subsequent
freatment cycle, and then the second dose amount can be administered during
further subsequent treatment oycles.

{86055} in embodiments, the muleic acid-based therapewtic is an siRNA,
Suitably, the siRMNA reduces the sxpression of a ribonuclectide reductases
subunit 2 (R2) of a cell. Exemplary siRNA ssquences that reduce the
expression of B2 are known in the art, and disclosed for example, in 1.8
Patent No. 7,427,605, the disclosure of which is incorporated by reference
herein in its entirety.

{H0556] Suitably, the sIRMA comprises a first strand of 15 to 30 nucleotides in
ength comprising a sequence selected from the group consisting of SEQ 1D
N{¥s: §-3 as set furth in Table 1 below, and {3) a second strand of 15 to 38
nuclectides in length, whereln at least 12 nucleotides of the first and second
strands are complementary fo each other and form g double-stranded aucleic
acid under physiological conditions,

Table 1

Core tavest seguences of B2,

Description Sequence SEGQIDNG
REM2-444 Cors 3 cgaguacesug ¥ SEGIDNG: 1
RRM2-632 Core $' gmuuuagecaa 3 EEQIDNG: 2
RRM2-928 Core §* sagesacgagy ¥ SEQID NG 3

B in further smbodiments, the first strand comprisss a sequence sslected

from the group consisting of SEQ 1D NOs: 4, 6, §, 19, 12, 14, 16, 1§, 26, 22,
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24, 28, 28, 30, 32, 34, 36, 38, 49, 42, 44, 48, 48, 50, 52, 34, 56, 98, 60, 62, 64,
&6, 68, 70, 72, 74, 76, 78, 80, 82, 84, §6, 88, 20 and 92 of Table 2, and the
second strand comprises a sequence selected from the group consisting of
SEQIDNG: 5, 7,9 11, 13, 15,17, 19, 21, 23, 25, 27, 28, 31, 33, 35, 37, 3%,
41,43, 43,47, 49, 31, 53, 53, 37, 39, 61, 63, 65, 67, 69, 71, 73, 75, 77, 79, §1,
83, 85, 87, 89, 1 and 930 Tabde 2.

Table 2

Deacription Segquence Strand SEQ ID KO

#1RRM23 5' cogaucgagua Sense SEQ ID RO: 4
{or RRM2Z2-444} coauvgauaug 3°
3 agogguagoucs Antisenge SEQ ID NO:
augguacusu 5’

L

S1RRM2B 5' ggagogauuua Sense SEQ 1D No. 6
{or RRM2-632) gocaagaagy 37
3 gaccucgouaa Antisenses SEQ ID B0 7
aucgguusyy 51
giRRM2C 8 ggoucaagaaa Ssnse SR ID M. 8

{or RRM2-828) cgaggacuga 3°
3' gaccgaguucu Antisensge SEQ ID NO: o
uugeuccuga 5°
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Degeription Sequence Strand SEQG ID NO
siRRM2A% 57 [B'phoes]cocau Senase SR ID NO: 19
{or REMZ- oasuaccaugauaue
444~27R} ugde 3¢
3 agugguagoucau Antisenge SEQ ID NO: 1
gHUESUAUAGAQTY
E‘.;?
giBRM2A2"™ 5' aucuuccccaucy Sense SEQ ID MO: 7
{oxr "RRMZ- aguaccaugaunang
444-37L) 3¢
3 Thgaagggguage Antissnse SEQ ID NO: 13
ucaugguacsuan s’
phos] B¢
siRRMIBL 8! [S'phosiggage Sense SEG ID RO: 14
{or RRMI- gaunuagocaagaag
€32~27R} ucdE 3¢
3 gaocucgousasy Antisense SEQ ID RO
CHUHUCRUCSagus 15
55
siRRM2B2 5' cuugguggagoga Senge SEQ ID HO: 5
{or REBM2- uwuuagocaagaagy
$§32-27L} 3¢
3 Glhaccaccucgou Antisense SEQ ID NG 17
asavogguucun s’
phos] 8°
siRRM2CL 5' [S'phoslggouc Sense SEQ ID ¥O: i3
{or RRM2- Aagasacgaggacuga
S28-37R) gaT@ 3°
3' ggcogaguuouuy Antisense SEQ ID No: 19
GouUCCUGACUTUaC
5!‘
giRRM2C2 5 uauucugyoucas Sensgs SEQ ID NO: p
{or REMZ- gaaacgaggacugs
B28-27L} 3
3' ATaagaccogaguu Antilsense SEQ ID NG 2

cuuugouecuga [8°
phos] &°
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Description Ssguengce Strand SEQ ID NO
giRRM2A ~ & 5 gouucoocauc Sense SEQ ID WO 22
{or RRM2-43%9) gaguaccsygy 3°
3 gusgsagougn Antigesnse SEQ ID WNG: 23
agoucssugon §°
SiERM2A ~ 4 57 guuoescauag Sengs SEQ ID NO: 324
{or ERMI-440) aguaccaugs 3°
3 uagsaggogus Antisenss SEQ ID MO« 23
gousausgua 8¢
siREM2A ~ 2 B uyueaccaucga Sense SEQ ID BO: 9y
{or REM2-441}) guaccaugay 3°
3’ sgasaggoguag Antisense SEQ ID HO: 7
oucaugguas BY
siRRM2A - 2 Y uooaeaucgay Sense SEQ ID NO: 3%
{or RREMI-442) vacoaugaug 3°
3 gaagugguage Antisenses FEQ ID RO 29
uoaugguany 5° ‘
2iRRMA ~ 1 5! goooaucgagy Sense SEQ ID HO: 16
{or BRM2-443) accaugaugy 3°
3 aaggoguagon Antisense SEQ ID RO 14
caugguacua §° "
siEREMZA + 1 B' goaucgaguas Sense SEQ ID BG: 39
{or REMZ-~445) caugauauguy 3° '
3 gggguagouca Antisense SEQ ID NG 13
wgguacuaua 5° =
FARRMIA 4+ 2 §' caucgaguacs Ssnse FEQ ID MO 14
{or RRM2-446) augauaucyg 3°
3 ggovagoucaw Antisense SEQ ID NO: <
gguacuausag & 33
SiRRM2A + 3 5' aucgaguacca Sense SEQ ID No. °P
{or REMZ-447) ugausucugg 3!
3 goragoucauyg Antissnse SEQ ID NO: 37
guacusuaga 5
siERM2A + 4 5°' uogaguaccau Sense SEQ ID RO 38
{or ERMI-448) gauaucuggg 3°
3’ guagoucaugy Antissnse SEG ID HO: 3
uacususgac §v
siRREM23 + & 57 ggaguaceaug Sense SRQ ID No: 40
{or REM2I-44%) susucugggs 37
3 yagoucsugge Antisense SEQ ID RO, 41

acuavagacse 5°
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Description Seguence Strand SEQ ID ¥O
2iRRM2B ~ 5  5' uugguaggagey Senss SEQ ID WO 42
{or RRMZ-827}) avunuagecas 3¢
3 ugaaccaccuc Antisense SEQ ID wo: 43
gouasauceg &°
SIRRMIB - 4 5' ugguggagoga Sensse SEQ ID §3:44
{or RRMZ-628) wuuagocaag 3
3° gaaccacousg Antisense SEQ ID NHO: 44
suaaaueggu 5°
S1RRM2E ~ 3 B' gguggagogau Senge SEg ID WO: 44
{or FRM2-639%2) uuagocsaags 3°
3 aaccaccucyge Antisenge SEQ ID NG 47
waaaucgguw 5°
SiREMZE - 2 5 guggagogauu Senge SEQ ID BO:

{or BRRMR-638)

wagooaagas 37
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Degoription Seguence Strand EEQ ID N0

3 aecacoucgou Antisenge SEQ ID HO: 49
saguogguus 5°

SiRRMZR - 1 5' uggagcogauuu Sense ZEQ ID HO: 58
{or RRMI-631) agccaagaayg 3¢
3' gpaccucgoua Antigense IEQ ID NO: 5
aaucgguuew 5?

SiREMZR + 1 5' gagogauuuay Sense SEQ ID NO: 32
{or RRMI-833) ccaagaaguy 3¢
3" aocusgouaas Antisense SEQ ID wo: 33
wagguucune &°

giRRMIR + 2 5' agegaunuuage Sense SEQ ID NG:54
{or FRMI-$34) caagaaguug ¢
37 gouegouzaau Antisense SEQ ID RGO
Sgguuouuca &Y

L
L

SlRREM2E + 3 5° gogauuuagoe Ssnse FEQ ID HO:
{or RERMZ-635) aagaaguuga 37
3 cucgouaaauc Antisense ZEQ ID Nﬂzg?
gguicuucaa &Y

SiREM2ZE + 4 5! cgaunuagosa Senge SEQ ID NO: 4
{or FRM2-636) agaaguucag 2!
3’ uggeuaaaucy Antisense SEQ ID HO: g
guucuncaayg 5

siRRMZER + & §' gauuuagocaa Senge SRR ID WO s
{or RRMZ-637) gsaguucags 3°

{or aiR2B + 3' gogruasaauncgy Antilissnse SEQ ID ¥O: 41
8} {ox wuouucaage 5°

siREM2B + S22

mex}
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Regeription Saquence Strand SEQG ID NG
giRRM2C - 5 3! auucuggouca Senss SEQ ID HO: 82
{oxr RRM2-9213) agasacgagg 3°
37 yauaagaccga Antisense SEQ ID No: 63
guuounugen 8¢
SIRRMIC - 4 5’ uucuggoucaa Sense SEQ ID NO: 84
{or RRM2-824) gaaacgaggs 3
3 ayaagaccogag Antisense JEQ ID XG. 63
nuouugeus B¢
2iRRMZIC - 3 5' uouggoucssy Sense SEQ ID BO: 6
{or RRM2-925; aaacgaggag 3¢
3 yaagaccgagu Antisense SEG ID O &7
uounugeuse 5
siRRM2C -~ 2 5' cuggoucaaga Sense SEQ ID WO: gg
{or RRM2-236€} sacgaggagu 3°
3 aagacogaguu Antisense SED ID BO: 4o
suuugoueew §°
SiRRM2C -~ 1 B uggoucaagaa Sense SEQ ID HG: T
{or RRM2Z-%27) acgaggasyg 3°
3' agaccgaguuc Antisense $EQ ID Ho: T
wuugoucoug 5°
giRRM2C ¢ 1 B' goucaagaaac Sense SEQ ID HNO: 72
{or RRM2-829) gaggacugay 3°
3 acugaguncuu Antisense SEQ ID NO: 73
wgouscugae 57
SIRRMIC + 2 5' cucaagasacyg Senge 2EL ID HO: 74

{or RRM2-530)

aggacugayg 37
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Degoription Segusnce Strand SEQ ID RO

3 grgaguucuuu Antlgense SEQ ID NO: 75
gouccugamy 5°

SIERMRC + 3 5' ucaagaaacga Sense SEQ ID HO: 44
{or RRMZ-831} ggacugaugg 3°
3 ggaguuouwuug Ancisense SEQ ID RO W
cueougacsua 5°

SiRRM2C + 4 B’ caagaaacgay Sense SEQ ID NO: 44
{0y RRMZ-232) gacugaugog 3¢
3’ gaguuouuuge Antisense SEQ ID RO 79
weocugasuae 5°

SiRRM2C + 5  §5' aagaaacgagy Ssnse SEQ ID BG: g
{or RRM2-833} acugaugoegy 3°
3 agquucuuugcou Antisense SEQ ID Mo 8
aougacuacy 5

Degcription Sequence Strand SBQ ID WO
SiRRMRB + 5 5 [B'phos]gauu Senss EEQ ID WO: g
Zhmexr {ox uagooaagaaguus

SiREB + S-27) agauuldl 3¢
3 ggouasauvogg Antisense SEQ ID RO: 3
WRCUUCRAZUoURAs
ug B¢
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Degeription Ssguence Strand SEQ ID HO

2iRBM2RB + 6 5Y' auunagocaag Senss SEQ ID MO: g4
{or RRM2-638) aaguudagay 3°

{or ®iRIB + I’ gouaasucggu Antisense SEQ ID KHO:
£} ucuucasgue 5° 83
siRREMZB + 7 B' uquuagecaaga Sensge FEQ ID BO: g4
{or REM2-63%) aguucasauyy 3¢

{or ®iR2E + 3I' cuaaaucgguu Antisense SEQ ID ¥O: &
7} euucaagucy §°

SIRBMIR + 8 &' wuageoasgass Senss SEQ ID WO 4
{or RRM2-640) guucagsauug 3°
{or giR2B + 37 usaaucgguue Antisense SEQ ID NO: &
a} yuesagueua 5°

siIRRMIE + 3 §' uagocaagaay Sense SEQ ID NO:
{or FRM2-641}) uucagauuags 3°
{or siRIB + 3' gasucgguucu Antisense FEQ ID NO: ¢

84

81} ucaaguouas 5°
Deseription Seguence Strand SEQ ID NO
siRRM2E + 10 5' agecasgaagu Sense SEQ ID NG: oy

{or RRM2Z-843) ucagauuacg 3
{or giR2B + 3' aaucgguucuuy Antisense SEQ ID RO: ¢
103 caaguouasw 5°

[B0058] Suitably, the fivst strand of the sIRNA congists of SEQ 1D NO: 60 and
the second strand consists of SEQ NO: 81, as set forth in Table 2,

{0859 In still further embodiments, the sIRNA reduces the expression of
endothelial PAS domain protein 1 (EPASE) in a2 cell. Exemplary siRNA
sequences that reduce the expression of EPAST are well known in the ar,
including those disclosed in  Published US. Patent Application
No. 2010/0010071, the disclosure of which Is incorporated by reference herein
in #s entirety.

{(8064] In such embodiments, suitably the siIRNA comprises: (i) a first strand
of about 15 fo about 30 nucleotides in length that comprises a sequence
selected from SEG ID NQs: 84-96 of Table 3, and (i) a second strand of about
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15 1o about 30 nucleotides in length, wherein at least 12 nuclectides of the firg
and second strands are complementary to each other and form z double-

stranded nucleic acid under physiclogical conditions.

Table 3

Examples of core target seguences of EPASI (HiFa2o)

Degcription Senge Seguence B8O ID RO

BPAS1-0677 Core &' acacacsagouw 3° 5B ID HG: g4

EPASL-28%4 Core 5' gocacocagua 37 SRG ID no. ¥
EPAS1-4958 Core 5' ugucaacguas 3'  SEQ ID NO: 0
{60881} In further embodiments, the frst strand comprises a sequence selected

from SEQ 1D NGs: 97, 99, 101, 103, 105, 107, 109, 111, 113, 115, 117, 119,
121, 123, 125, 127, 12%, 131, 133, 13§, 137, 139, 141, 143, 145, 147, 149,
151, 153, IS5, 157, 158, 161, 163, 165, 167, 169, 171 and 173 of Table 4; the
seoond strand comprises & sequence selected from SEQ 1D NO: 98, 108, 192,
i04, 106, 108, 110, 112, 114, 116, 118, 120, 122, 124, 126, 128, 130, 132,
P34, 136, 138, 148, 142, 144, 146, 148, 150, 153, 154, 156, 188, 160, 162,
164, 166, 168, 170, 172 and 174 of Table 4. Suitably, the first strand consists
of SEQ 1D NG: 121 of Table 4 and the second strand consists of 8EQ IDNG:
122 of Table 4.
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Table 4
Description Segquenca Strand SEQ ID RO
slEPASIA B ugogeacacscasgouoougy 30 Senge SEQ ID BO: a7

{ox EPASI-0677) 3' guasogouuguguguucgagsa 57 Ancisense SEQ ID MO: 98

siEPASIE 5 gouacgoracossguaseagy 3° Sense SEQ ID BQs ?g@
{or EPRSI-2894) 3' gacgangogguauguosuggu 5! Antisense SEG IR NO:
a1 ERASIC 5' cuasouguosatgUsAacqay 3 Sanse SEQ ID BG: 141

{or ERPAS1I-~4998) 23' gugsuggscaguugcsuugou $°' dntisense SEQ ID MO 102

Degcription Bamuence Brrand S ID Bo

siEFASIAL £ {5 rphosjugcgascanasaagouaniouncts 3¢ fangs SEQ ID RO 102
for BRAEL-08TT-37RI 3¢ Quecqouuguguyuuiogegyegegysg 7 Antisenss SEQ D MO 104
SLEPASIAR 5° QEHRCCUGCHRACACACRMFIUCEUCY 31 Senas ERQ I MO 103

{ox ERASI-O877-2TL} 3’ CGregyrcgoruguguguucgagre (S'phos] §° Antissnee SEQ ID No 106

sAEFRSIRL 5t [ phos] gouacgorsNCCAIRCTRgFRSTR 30 Sange S8 ID RO 107
{0y ERASI-28J4-~-2TR] I' cacgRrugoguuoumetswgmIecugan 51 Antigsnes 283 ID MO 0%
#31EBRILBE §° casaguEoRaAsgocRorCIgHaceagg 37 Sense 2o oM 10D
{or EEAS1I~38%4-27L) 3' STguescgeugoguugggucsuggn [S'pheel 50 Auntisense S5O IR MG 11O
glBPASICL 5 {§'phos] curccuguosscgusscgruuwsci? 3 Senge SER ID KRG H i
{or BPARL-4988-ITR} §' Quseuggacsguugoauugtussagus 5° ancisenss SBG ID MO Hi2
SiEFASICT B QRSACCCRATCUGUC BACTUARCT AR 37 Bengs SRQ ID WD 313

{or EPASI-4935-27L) 3° ssuugugeuggscaguugosungsy {S'phos] 5 Anticense SEG ID RO P14
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RPascription Faguenes Stand SEQ ID MO
s iEFRSIA-B 5 gunecugegaacatataagoy 37 Ssnes SR ID BO: 115
{or EPRS1-0672) 3' upgRaggacgoungugugune 5° Antiesense SEQ ID MO 115
siEPASIA-4 57 Quoougogaasacacasgous 3 Ssnee SBG IR HO: 317
{or BPASI-0673) 3’ ghesaggaogouuguguguueg 5 Antisense SEQ ID NI yig
s iEPASIA~3 §' poougoglracreavaagoeugy 3 Sense SEQ ID RO 119
{or EPASI-0€74) 3°' gasggacgouugnguguucga 57 Antisense SEQ ID MO 130
2
s1EPAS1IA~3 B! 0ougogaatacacRagouegy 3° Sense SEQ IR NG, ;‘2‘})
{or EBRSI1-087%) 3° gaggscgouugugugnuoegag 5' Antisense SEQ ID BHO: -
siEPASIA-~L %' gugogRAcasacangousons 3 Sense SEQ ID B 123
5
{or BRASL-08T8) 3' aggacgounguguouuegagy 5 Antisense SEY ID N0 124
#AEPASIA + L S5 gogRACACACERGCUSCRONE 3T Senge SEQ ID Mo 125
{or EPASI-0878) 3' ggogouuguguguuegaggsy $' Anbisense SBEY ID RO 128
siRPRIIR + 2 5 JGasCasACARYTUCCUSUSS 3T Sense SEQ ID B 127
{or EPASI-08678) ' gggounguguguucgaggega ' Antisenee SEQ ID NG y3g
138
SiEPASIA + 3 5' gagcacacaagoneoucuegy 3' Sanme SEQ ID Wo 130
{or EPAS1-0620) 37 cgouuguUgURSgsggagsg %' Antisense SEQ 1L RO
siEPBSIR + 4 £ aRCACICRAGoBCIUOUROSUE 3 Sanse 2EQ ID WO i
{or EPASI~0681} 3' gounguguucgsggagasy 57 Antissnge $EQ ID NG =
siREPASIA + 5 57 aCRC0ACEAGOUNCROUICURY 3T Ssnew SEQ ID WO 353
{or EPAS1-0683) 3' guuguguguuogaggagagga 5° Antisense SEQ ID KGO 34




WO 2012/174224 PCT/US2012/042433

Descyiption Seguence Stand SEQ ID ¥O
siEPASIR~& 57 aoagugouacgReasacagia 3° Seanse SEQ ID NG 13§
{or EPASI-288%) 3° ggugueacgaugoggugggue $°' Antissnse SEQ ID WO 34
SiEPASIR~4 5¢ cagugtuangoratoCaguas 3 Sanes SEQ ID O 137
{oy EPASI-2830}) 3' guguncsogsugrgguggguca §° Antlicense SEQ ID No ‘133
SiRPASIR~-3 5¢ agugonacgecacosaguasg 3 Sonse SEQ D NG 1‘%9
or BPAS1-2881) 3 poucacgaugegguggoucau §' Antisenss SBD ID wo 140
siRPASIR-2 5¢ gugousdgoosocoaguanga 3 Sonse SEQ ID B 143
{or EPASLI-2892) 3' gurscgaugogguggguosug $' Antisenss SBQ XD NG g0
143
siEPASIBR~1 5 ugnusdgaTacscaguacoag 3’ Senaes SEQ ID RO 144
{ox EPAS1I-2893} 3 ygacgsugogouagguesugg 5' Antisense SEQ ID N
BiEPASIR + 3 51 cusasgooscotaguacoaggg 3 Sense SEQ ID RO 145
{or EPRS1-2895) 3' acgaugogguggguosuggue 5 Antisense SEQ ID Mo 146
BiREPASIH + 2 5 Uangooacooaquacoagas 3 Senge SEQ ID NO 147
{er BPRSLI-Z89§) 3° ggaugcoguggguoanggues 5' Antisense S8Q ID NO y4
siEPASIE + 3 8¢ acgocscosaguaccaggasy 37 Sense SEQ ID RG 140
{ex BPASL-28%7) 3' gaugesgugggucaugguocu 5 Mntisense SBQ ID No 159
BiEPASIR + 4 57 ogeoscooaguacoaggacys 3! Sense sgg 1o wo 15T

{or EPAS1-2898) 3' sugcgouggouosugguccoug §' BAntigenss SEQ ID Ho 152
9 g

2iRPASIR + 8 ' geoagcragusccaggacuas 3’ Senee SEQ ID KO 183
{or EPASL1~288%) 3’ uygraguaugueangguecngs 5' Antisense SEQ ID RO 154




WO 2012/174224 PCT/US2012/042433

\3%} -

Dasoripbion Segruencs Stand SRG 1D X0
#1EFARIC-5 £ NafCOoRACIUFREAsOguas 37 Ssnse SEQ ID MO 155
{or EPASI-4%%94) 3°' usluuggurixggacaguuges’ 5° Antisense SEQ ID BO: 156
S1EPATIC-4 £ aavoQuacouIQescyuags 37 Sanss BEQ ID ¥O: ;2;

{or EPRSL-4995) 3' aguegggauggacaguugean %' Antisense SBG I No:
B1EPAS1C-3 51 acoouascugueascguascyg 3’ SYense SEG I o 159
{or EPASL-4888} 3’ aungggsuggucaguugcaui %' Antisense SEG ID RO 160
SiBPARIC-2 5 gooouacougucascguaaogs 3' Ssnse SEQ ID FQ: 4%
or EPASL-4857) 3 wugsosugnpacsguugcawny 5° Antisense $EQ ID EO. 162
siEPASIC-L 5! COURCOUGUCAATHURACHEY 3 Sanse SEQ I Bl ;zz

{or EPAS1-4938) 3' ugsgauggscaguugcaungs ' Antisense SEQ ID HOw
FiEPASIC + 1 5' URCTRFUCHACHUASTYIVYY 3° Sanss SRQ ID Moo 168
{or EPASI-5000) 3' ggesuggacaguugosuugous ' Antisenese SEQ ID MO 168
FAEPASIC ¢+ 2 50 acouguascgusacgaunyc 3 Senge EEQ ID NO. 167

{or EPASLI-S001} 3° gauggscaguugoauugoua’s 5' Antisense SEQ ID M,
aeugy ic8
6%
aiBPASIC + 3 £ souguclacguasogmnuuiugs 3' Ssaunse BEQ ID W 170

for EPAS1I-S002) 3° suggscaguugcauugcouasa 5° Antisense SEG ID WO
ciBEPASIC + 4 57 ougucascguasacgaunucay 3 Sense REG ID ¥O: 7l

{or EFRSI-5003) 3° uguecagyuugosungouesag 5° Antisenss SEQ Ib mo: 172

SiEPASIC + B 5 ugucsacfuascgsmincagg 3° Senss BEQ ID NO:
{or EPASI-&004) 3' guascaguugosnugoussagy 5 Antissnss SEQ ID BO:

60862] in exemplary smbodiments, the nucleie acid-based therapsutic is part
of & composition comprising the nuclelc acid-based therapeutic and a polymer,
{00631 Amy type of polymer capable of forming a composition with the
nucleic acid-based therapeutic may be used in the methods deseribed hersin,
The polymer may be a linear or branched polymer. The polymer may be a
homopolymer or 2 co-polynrer, I a co-polymer Is used, the co-polymer may
be & random copolymer or a branched co-polymer. Suitably the pobvmer is
water-dispersible and more preferably water soluble. For example, suitable
polvmers include, but are not limited {o polvsaccharides, polvesters,
polvamides, polvethers, polycarbonates, polvacrviates, ete. For therapeutic
pharmaceutical uses, the polymer should have a low toxicity profile and
preferably are not toxic or cyciotoxic. As discussed below, 2 suitable polymer
for use in a composition of the invention is a cyclodextrin-based polymer {ie,

o form an  sikMNA-cyelodexivin  composition). Water soluble  linewr
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syclodextrin copolymers having molecular weights in the range of 3,000 to
10,000 are suitsble and those having molecular weights of 3,008 to 30,000
are more suitable,

{80864} According to the invention, the polymer in the composition may be a
single polvmer or a mixture of two or more polymers, which can be the same
or different polymers. Each polymer of the composition can further contain or
may be further modified to contain a crosshnking group through which
assoctation of the polymers to form the particulate composite can be achieved.

[80868] At least one polymer of the compositions is suitable 2 polymer capable
of forming an inclusion complex, as disclosed in U.S. Patent No. 7,166,302,
the disclosure of which s incorporated by reference herein in its entirety. A
"polymer capable of forming an inclusion complex” can be any polymer
capable of one or mors host-guest associations via nonbonding interactions
{e.g. van der Waals forces, hydrogen bouding, dipole-dipele interactions, ion-
paring, soluophobic interactions, eie) with another compound {the
complexing agent) or substituent on 2 compound. In other words, gt least one
polymer has host or guest functionality to form an inclusion complex with a
complexing agent or a substituent on the complexing agent. The host or guest
functionality may be part of the polymer backbone or may be present ss a
substituent or in a pendant or branched chain. An example of a polymer
having host functionality in the polymer backbone is a linsar cyelodextrin
polymer. An example of a polymer having guest functionality not as part of
the polymer backbowe would be 3 polymer heving pendant adamantane
groups. Other examples of suitable "hosts” which may be employed with the
polymer inclode, but are not limited to, carceronds, cavitands, crown sthers,
cryptands, cocurbiturils, calixarenes, spherands and the like, Examples of
inclusion guests suitable for such hosts include those known in the art such as,
but not limited o, adamantane, diadamantane, naphthalene, and cholestercd,

[BO866] in exemplary smbodiments, the polymer used o form the compositions
is a cyclodextrin-containing polymer, more suitably a substantially linear

cyelodexirin polymer. The polymer can also be a polysthyleneimine (PED ora
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polymer having pendant cyclodexiring. & Hnear cyelodexirin copolvmer is &
polymer containing oyclodestrin moletics as an integral part of #ts pobymer
backbone. Polymers having pendant cyclodextrin moisties not a part of the
main polymer chain but rather atiached off the polymer backbone can also be
used in the compositions described herein. A linear cyclodexirin-containing
polviner can be any linear polymer containing at least one cyclodexirin molety
as part of the polymer backbone. The cyclodextrin-contsining polymer is
preferably water-soluble. More suitably, the Hnear cyclodextrin-containing
polymer i 3 Hoesr cyclodextrin copolymer or 3 Hnear oxidized cyclodextrin
eopolvimer, The cyclodextrin groups within the polvmer provide host
functionalily to the polymer allowing i to form inchesion complexes. The
subsiantiaily Hnesr polymer capable of inclusion complex formation can
further contain or can be further modified © conlain an additional functions)
group {e.g. thiol group).

{B08a7] in suitable embodiments, the polymer is a cyclodextrin-containing
polymer. Exemplary cyclodextrin polymers for use in the methods described
herein include Jroyclodextrin polymers.  Examples of Pecvelodexirin
polvmers for use in the methods described hersin are well known in the art,
and are disclossd for example, tn U8, Patent Mos. 6,50%,323; 6,884,789;
7,091,192 and 7,270,808, the disclosures of each of which are incorporated by
reference herein in their entireties,

{80868 Suitably, the ovclodexrin polyvmer 5 & water-soluble, linear
cyvelodexirin copolymer comprising repeating units of formuls la, Ik or both:

ia
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and

ib

Sulably, C is a substituted or unsubstituted evelodestrin monomer snd A Is g
comonomer bound to cyclodextrin . In embodiments, the cyolodexirin is a
comonomer of an o, B, or y-oyvclodextrin, or combination thereof,

{H066%) In exemplary embodiments, the foyclderin polymer of the

compositions is represenied below:
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GBH7H In embodiments, the composition further comprises a siabilizing agent.
B P g ag

Exemplary stabllizing agents include those disclosed in U5, Patent Nos,
TOIE,60%9 and 7166302, the disclosures of which are incorporated by
reference hereln in their entiveties. In U8, Patent DMos. 7,018,609 and

7,166,302, exermnplary stabilizing agents are often referred to as complexing
agents.
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0671 Suitably, the stabilizing agent comprises an adamantane (ADY) grouwp

and 8 polvethyviene glyeol (PEGE Such stabilizing agents include, for example

the agent shown below,

]
5]
fleld B,
o B ;
1) o
LS SR S

{88073 Any suitable moleculsr weight PEG can be used in the stabilizing
agents, inchuding for example, PEG 500 to PEG (0,000, and panticularly
PEG 600, PEG 3400, and PEG 3000,

88473 In further embodiments, compositions suitably alse comprise a
targeting agent. The targeling ageni can be any agent {or multiple agents) that
allows for targeting and/or binding t a desired cell. As would be undersiood
by one of skill iy the art, targeting and binding to 3 cell may include cell
reseptor attachrent which in furn may lead 1o recopior mediated endocytosis,

{60874} Suitably, the targeting agent comprises an adamantane {AD) group, 2
polymer, such as g poly{sthylene glyeol) (FEG) and 3 targeting ligand, Any
suttable molecslar weight PEG can be utilized in the tarpeting agents
described hergin,

30875} Examples of suitable targeting Hgands are known 0 those of ordinary
skill in the an and include, but are not limited o, vitaming {e.g. folic acid),
proteins {g.g. transferrin, and monoclonal antibodies), monosaccharides {e.g.
galactose), peptides, and polysaccharides. The cholee of ligand, as one of
ordinary skill appreciates, may vary depending upon the type of delivery
desired, If two or more lgands or targeting agents are sttached, the
Hgandsfargeting agents may be the same or different.  Ag another sxample,
the ligand may be membrane permesbilizing or membrane permeable sgent

such as the TAT protein fromm HiV-1 The TAT protein &5 8 viral
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fransoriptional activation thet is actively imported o the cell nucleus.
Torchilin, V. P ot gl, PNAS, 98, 3786 8791, (2001

jGaG7e Exemplary targeting agents for use in the methods and compositions
desoribed hersin are disclosed in 113, Patent Nos. 7,166,302 and 7.018,609,
the disclosures of each of which are incorporated by reference herein in their
entireties. In suitable embodiments, the tavgsting sgent is shown below,

N
I
#

{ ¥

3 N § «\‘;\
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80877 in exemplary embodimenis, as shown above, the targeting ligand is a
pransferrin (T molecule.
[BOaTE] The methods described hereln can be utilized 1o treat any disesse or

disorder, Exemplary diseases and disorders that can be treated include, but are
not Hmited o, cystis filwosis, Gaucher’s disease, muscular dystrophy, ATDS,
cancer, progressive heart fablure, restenosis, hemophilia and neurclogicsl
conditions, In sxemplary embodiments, the disesse or disorder is cancer,
including for example, wmubliple mveloma, leukemia, melanoma, or ovarian
CanUer,

(80879 in further embodiments, methods are provided of administering an
SIRNA o weat a disesse or disorder in 2 patient.  The methods suitably
comprise administering during a first treatiment ovele a fivst dose amount of an
siRMA  composition comprising the siBNA, 2 cyclodexirin-containing
polymer, a stabilizing agent comprising an adamantane (ALY group and a
polyethylene glyeol (PEG), and 2 targeting agent comprising an adamantane
(ALY group, a polvethylene ghvool (PEG) and 2 targeting Hgand. A second
dose amount of the siRNA composition is administered during subsequent
treatrnent oycles. Suitably, the first dose amount is lower than the sescond dose

smount.
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[Baasa) Exemplary dose amounts for the frst and second dose amounts are
described throughout. In suitable embodiments, the first dose amount is about
18 mg/m® and the second dose amount is sbout 25 mg/m’ to about 40 mgim®,
in additions] embodiments, the first dose amount is abow 20% o about 30%
lower, about 30% to about 40% lower, about 40%6 to about 30% lower, about
50% to about 60% lower, about 60%% 10 about 70% lower, about 70% to abowt
0% lower, about 80% to about 98% lower, or sbout 90% to about 89% lower
than the second dose amount,

{B80R1] Exemplary trestment sycles are described throughowt, and include for
example, a first and subssquent treatment oveles of 21 days. Suitably, the first
dose amount and the second dose amount are administered on days 1, 3, 8,
andfor 16 of the trestment cyoles.

{BO8E2} Exemplary siRNAs are described throughout, and include siBNAs that
reduce the expression of @ ribonuclectide reduciase subunit 2 (R in a cell
and siRNAs that reduce the expression of sndothelial PAS domain protein §
{EPASTY in a cell Sultable sequences for such siBNAs are described in the
tables hersin and in UK. Patent No. 7,427,605 and Published U5, Patent
Application No. 2018/0010871.

{BOBA3] As described hereln, the targeting ligand of the targeting agent can be
any suitable ligand, including for example, tansferrin,

[{HHIB4] Exemplary  structures  of the  cycledextrin-containing  polymer,
stabilizing agent comprising and targeting agent are desoribed throughous, and
in U5 Patent Nos. 7,018,509, 7,166,302 and 7,270.808, the disclosures of
gach of which are incorporated by reference herein in their entiretics.

[aha8s] Exemplary diseasss and disorders thst can be treated using the
disclosed methods are deseribed hersin,

FLEHER Y In further embodiments, methods ars provided for adminisiering an
siRMA to weat 3 disease or disorder in a patierd.  The methods suitably
comprise administering during s first 21 day tregtment cyele, a first dose of
about 18 mg'm” of an siRNA composition. The siRNA cormposition suitably

compriges the siRMA, a cvelodextrin-containing polvmer, & stabilizing agens
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comprising an adamantane (AD) group and & polyvethviene glycol (PEG), and
a targeting agent conywising an adamantane {AD group, s polyethviene
giveol (PEG) and transferrin, A second dose of about 25 mgfmz i abowut 40
mg/n” of the SIRNA composition §s administered during subsequent 21 day
tresiment cycles,

[B9887) in exemplary cmbodiments, the first dose and second doss are
administered on days 1, 3, &, andfor 18 of the trestment cveles.

[BOaE8] Suitable «iRMAs are described herein and include siRNAs that reduge
the expression of a ribonuclectide reductase subunit 2 (B3 in 8 cell and
siRMNAs that reduce the expression of endothelial PAS domain protein 1
{EPAST) in 8 cell. Exemplary soquences for these siRNAs are described
herein,

JHH08Y; in further embodiments, methods are provided of reducing an immune
response 1o siRMA. The methods suitably comprise, administering during a
first treatment eycle a first dose amount of an sINA composition comprising,
the siRNA, s cyclodexirin-containing polymer, 8 stabilizing agent comprising
an adamantans (AD) group and g polyvethylene ghyeol (PEG), and & targeting
agent conywising an adamantane (AD) group, o polvethyiens glveol (PEG)
and 2 targeting ligand. The methods suitably comprise administering a second
dose amount of the siIRNA composition during subscguent treatment ovcles.
Suitably, the first dose amount is lower than the second dose amount,

B6asG] Exemplary amounts of the first and second dose, a5 well g3 dosing
schedules and treatment cyeles, are desoribed herein,

{60891} Suitably, the methods reduce the level of 1L-6 or TNF-¢ produced by
the patient. The levels of other cytokines (e.g., 1L-10, [L-2, IL4, IFNwy, 1L~
12p40 and 1L12p70), can also be modified (e, increased or deorsasedh a5 &
result of the methods deseribed herein,

0092} it will be readily apparent 10 one of ordinary skill in the relevant arts
that other suitable modifications and adaptations to the mesthods and

applications described herein can be made without departing from the scope of
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amy of the cmbodiments. The following examples are included berewith for

purposes of Hlustration only and are not intended o be limiting,

Examples

Example 1 Results of Clinival Adminisiration of siBNA-cyclodexirin
Compositions

F06%3] The dosing schedule of an siRNA-cvelodextrin composition (&
composition ¢omprising an siRMNA, s cyclodexirin-containing polvmer, &
stabilizing agent comprising an adamantane {AD) group and a polyvethylene
ghveol (PEG), and g targeting agent comprising an adamantane {AD) group, 2
podyethyiene glyeol {PEG) and 2 targeting ligand) bas been performed, and an
analysis of oytokine concentrations and adverse events repovted for subjects
who have received the composition, 20 subjects sccrued to 5 subject coborts
were treated,

{B0084] Corvelative oviokine studies suggest that the siRMA-cvclodextrin
composition causes 4 dose-dependent innate mmune response in subjects that
is primarily observed during initial infusions of the composition {i.e., Cycie 1),
Howsver, preliminary cviokine results also indicats that, following exposure
and prolonged treatment with the composition, desensitization occurs. Based
on this dats, & protocol has been developed t© treat patients 3t s lower dose for
the first eycle followed by administration of a higher duse in subsequent
cyeles 1o increase tolerability.

LY Correlative studics measured seloet cyiokines in subject plasma pre-
and post- adminisiration of the siRMNA-cyelodexirin composition.  Results
revealed that cvickines TL-10, [L-6 and TNF-u, those associsted with innate
impmunity, scem o have s sirong tomporal correlation with administration of
the composition {FiGs. 1A-1) while nong of the other cviokines (JFMwy, 1L~
2, 4, [L-12p48, and 1IL-12p70) show significant slevations during infugion
or post-dosing. In addition, maximum oviokine concentrations for 1L-10, [L-6

and ThEF-a during Cyele 1 appear (0 be correlated with dose level of the
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composition (FIG. 2) as well, In particular, slevations of pre-lnflanunaiory
cvigkines {16 and TNF-g suggest the activation of an innste immune
response o the siRNA-cyclodexirin composition.

G8896] Brose-dependent increases in 1L-6 and THF-z cytoking levels during
Cvole 1 correlate with an increase i the frequency of adverse svents across
duse coborts that are indicative of drug hypersensitivity such gs fatigue (39%),
chills {39%), nausea (28%0), and pyrexia €229}, and the onset of an innate
fmmune response. These events are generally selflimited (minutes o several
days) and do not require medical intervention. The majority of treatment-
emorgent adverse evons {TEAES) reported during Cyeole 1 at doses of 24
mg/m® and 30 mg/m’ include chills and naussa {28%) as the most Frequent.
THarrhea (17%) and vomiting {17%) have also been reported.

186097] Omnly two evenis experienced by two subiscts who received 38 mgfmz,
one event of ischemic colitis experienced by a male subject with a history of
recial bleeding, and one gvent of exreme fatigue reported another subject,
were dose-limiting.  Both of these dose lumiting toxicities (DLT) ooourred
during the first cycle.

[BO898] Furthermore, of the 128 subjects (18720; 20%) who completed Ovele 1,
2 toial of 63 TEAEs have been reported or an average of 3.5 TEAE/subjeet.
Of the sight subjects who completed Cyele 2 and, In soms cases, additional
eyoles, only a total of 10 TEAEs have been reporied or an average of 1.23
TEAE/suhject. Therefore, concomitant with changes in the oviokine profiles,
subjects who recaived maultiple ovcles of the siBNA-~cyclodexirin composition
have experienced fewer TEAEs that wre commonly associated with innate
irnmune responses compared 1o the frequency of ovents reported for the same
subizets during Cvele L

{0093 Cytokines have also been evaluated in sublects who have received
multiple cycles of the siRNA-cyclodextrin composition {FIG 3 and Tables 6-
€. A wrend towards decreasing IL-6 and TNF-g levels and increasing 1L-180
levels (FIG. 3) was demonstrated for one patient following freatment with

several cycles of the siRNA-cyclodexirin compesition at 30 mg/m®. While [L-
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& and THF-¢ are pro-inflammatory cvickines secreted in responss to stimull
such as double stranded RMNA, 1L-10 is an anti-inflammatory oyvioking able i
suppress the synthesis of pro-inflammatory oyiokines made by celis such ag
macrophages and  regulaory  Tecells. These resulis may indicats
desensitization of this sublect and & reduction of the inngte mmung responss
caused by the siBNA-~oyclodextrin composition,

HELUEE Changes in levels of pro-inflammatory 1L-8, THF- o and the ami-
inflamumatory 1L-18 during Cyoles 1 and 2 are summarized in Tables 6-8 for
all subjecis who received st least two oycles of the siRNA-cyclodextrin
composition. AL 3, 9and 18 mgfmz,, fevels of TNF-¢ gnd -6 were nomasl to
moderstely slevated during Cycle 1 with the exception of 1L-6 for one patient
treated at 18 mg/m® who had a significant incresse in 1L-6 during Cyele 1.
This subject discontinued treatment due to an unrelated event before Cyele 2.
However, no clear trends were seen when comparing Cyele 2 and Cyele 1
cyiokine levels for these sublects, At 24 and 30 mghe’, Cyole 1 pro-
imflammatory ovtokine levels were consistently elevated but showed =z
decreasing trend towards a kywer meximum COncentrstion {Cumd in Cyole 2,
In contrast, the anti-inflamumatory oytokine 1L-10 showed the opposite trend,
with e increasing during Cyele 2 {vs. Uyele 13

EH T Y Table 6: Changes In TNF-u levels betwesn Cyoles | and 2 for subiscts
who received more than one oyele of the siRNA-cyclodexirin composition.
Mumber of subjects who received 2 or more oveles {n) and total number of

subieciz par cobiort (M) are lizted in column “p/W™.
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Table &

fose fmgim} i Average THF-a 0 STDEY Hatio of Cyole 371

Cyole | fngfmly® Loaga

3 23 17 12 G484

& 343 i8 & 142%

i 143 24 4 S8

24 KIS 44 28 $3%%

34 173 T4 33 ST

* Mormal range maximum THF-o value: 20.% pgiml,

fanaIe Table 70 Changes in 1L-6 levels between Uveles 1 and 2 for subjects

who received mors than one evele of the siRNA-cvelodexirin composition.
Number of subjects who received 2 or more cyeles () and total nunber of
subjects per cohort (N} are Hsted in column “s/N”,

Table 7

Dhese {mgin’] wiN Aversge Hod e STBEVY Ratip of Cyele 348
Cyele § fpgimli® .
3 33 23 32 10894
b 343 34 ? 1894
18 143 353 6§52 130%
24 39 §91 244 9%
3 143 257 A73 46%%

* Nermal range maximum IL-6 value: 197 pg/mb

Boa gy Table 8 Changes in IL-19 levels between Cyeles 1 and 2 for subjects
who received more than one oyvele of the siRNA-oyclodextrin composition,
Number of sulijects who received 2 or more oyeles () and {otal number of

subjects per cobort (N} are Hsted in columm N7,

Table §

Dioge {ngind N Average 18 g STBEY Ratio of Cyele 31

Cyels 1 fpglmb > Lons

3 3 33 i i43%

3 34 117 60 S0%

18 143 48 23 212%

24 36 a8 37 149%

G 143 28 By 164%

* Nowmal range maximu IL-10 valoe: 213 pg/ml

{08184} Though no wishing to be bound by any theory, these results indicate

that frequent exposure of the siRMA-cyclodextrin compaosition can desensitize
subjects, thereby roducing an innale mmune response.  Therefore, an

administration protoco] has been developed in which subjects will receive a
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lower concentration of study composition in Cycle 1 (e, 18 mgm®),
followed by a higher dose conceniration for subsequent cyeles (Le, 27, 30 and
36 mgf"mz}ﬁ as swnmarized in the table below. The dose schedule will be on
Days 1, 3, B and 10 of 3 21-day cycle as shown in Table 9. It is envisaged that
this protocol will have improved tolerability and efficacy, as well as reduced

foxicity, as compared 0 a dose schedule in which the dosage amount is the

same at all dosage times during the treatment cyele.

R ERY] it iz to be understood that while certain embodiments have been
illustrated and described herein, the claims are not to be limited to the specific
forms or arrangement of parts described and shown. In the specification, there
bave been disclosed illustrative embodiments and, slthough specific terms are
employed, they are used in 2 generic and descriptive sense only and not for
purposes of limitation. Modifications and variations of the embodiments are
possible in light of the above teachings. N is therefors to be undersiood that

the embodiments may be practiced otherwise than as specifically described.
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WHAT IS CLAIMED I5:

i. A method of administering a nucleie acid-based therapeutic 1o

treat 3 disease or disorder in 3 patient, the method comprising:

a} administering a firgd dose amount of a muclele acid-based

therapeutic during a first treatment cwele; and

b} administering 2 second dose amount of the nucleic scid-based

therapsutic during subsequent treximent oycles,
wherein the first dose amount is lowsr than the second dose smount,

Z. The method of claim 1, wherein the first dose amount is abowt

. " 2
% mg/m® to about 27 mg/m®.

3. The method of claim 2, wherein the first doss amount is abouwt

15 mgfm® to ahout 20 mg/m®

4, The method of claim 3, wherein the first dose amount is aboui
1% mgim.
5. The method of claim 1, wherein the second dose amount is

ahout 20 mg/m’ to about 50 mg/m”.

6, The method of olaim 5, whersin the second dose amount s

about 25 mgfm® to about 40 mp/m®,
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7. The method of claim 1, whersin the first dose amount is about
205 1o about 30% lower, shout 30% to about 40% lower, about 40% to about
50% lower, about 50% to abow 60% lower, aboul 60% to about 70% lower,
about 70% 1o abowt 80% lower, sbout 80% 1o abowt $0% lower, or about 98%

to about ¥9% lower than the second dose amount.

8. The method of claim 1, wherein the first and subsequent

treatment cycles are 11 day to 49 day estment ovcles.

g, The method of clalm & wherein the first and subsegquent

treatiment cyeles are 21 day treatment cycles,

i3, The method of claim 1, wherein the first and subsequent
treatment oycles comprise administering on davs 1. 3, & and 10 of the

fregtment oycles,

i1, The method of claim i, whersin the nucleic acid-bassd
therapeutic is an siRMA, dsBNA, miRNA, antisense RMA, aptamer, ribozyme,

OF an enzymatic nuclelr acid.

B2, The method of claim 11, wherein the sIRNA reduces the

expression of a ribonucieotide reductase subunit 2 (B2 in a cell.

13, The method of claim 12, wherein the siBNA comprises a first
strand of 13 to 30 nuclectides In length comprising 2 sequence selected from
the group consisting of SEC 1D NOs: 1.3 of Table 1, and (i) a second strand

of 15 1o 30 nucleotides in length, wherein at least 12 nucleotides of the first
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and second strands are complementary to each other and form s double-

stranded nucleic acld under physiological conditions.

4, The method of claim 13, whereln the first sirand comprises a
sequence selecied from the group consisting of SEQ ID NOs: 4, &, 8, 16, 12,
14, 18, 18,20, 22, 24, 26, 28, 30, 32, 34, 35, 38, 40, 42, 44, 45, 48, 50, §3, 54,
36, 58, 60, 62, 64, 66, 68, 70, 72, 74, 76, 78, 80, 82, 84, 86, B8, O and 92 of
Table 2, and the second strand comprises a sequence selected from the group
consisting of SEG I NG 5, 7,9, 11, 13,15, 17, 19, 21, 23, 25, 27,29, 31, 33,
35,37, 39, 41, 43, 45, 47, 49, 51, 53, 55, 57, 539, 61, 63, 45, #7, 6%, 71, 73, 73,

77,79, 81, B3, B85, BY, 89, ¢1 and 93 of Table 2.

is, The mathod of claim 14, wherein the first strand consists of

SEG 1D NGO 66 and the second strand consists of SEQ KO 81 of Table 2.

is, The method of claim 12, whersin the siBMNA reduces the

expression of endothelial PAS domain protein 1 {(EPASIYinacell

17, The method of claim 16, wherein the siRNA comprises: {i} 2
first strand of gbout 15 to abow 30 nucleotides in length that comprises g
sequence selected from SEQ 1D N(s: 84-%¢ of Table 3, and {if) a sscond
strand of abowt 13 1o about 30 nucleotides in lenmgth, wherein ot feast 12
nuclectides of the furst and second strands are complementary to each other

and form a double-stranded nuclele scid under physiological conditions.
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18, The method of claim 17, wherein the first strand comprises a
sequence selected Fom SEGQ 1D NOs: 97, 99, 161, 103, 105, 167, 189, 114,
FI3, 115, 117, 119, 121, 123, 125, 127, 129, 131, 133, 135, 137, 139, 141,
143, 145, 147, 149, 131, 133, 185, 137, 135, 161, 183, 163, 167, 168, 171 and
173 of Table 4, the second strand comprises a sequence selected from SEQ 1D
Mok 98, 160, 102, 104, 106, 108, 110, 112, 114, 115, 118, 120, 122, 124, 124,
128, 134, 132, 134, 134, 138, 140, 142, 144, 146, 148, 15, 152, 154, 136,

138, 160, 162, 164, 166, 168, 170, 172 and 174 of Table 4.

1%, The method of claim 18, wherein the first strand consisis of
SEQ ID MNx 121 and the second strand consisis of SEG 1D NO: 122 of

Tabile 4,

20, The method of claim 1, whersin nucleic acid-based therapeutic
is part of a composition comprising the nucleic acid-based therapeutic and a

cyclodexirin-containing polymer.

21, The method of claim 20, wherein the composition further

comprises a stabilizing agent.

22, The method of claim 21, wherein the stabilizing agent

coanprises an adamantane (AD) group snd 8 polyethyiene glyeo! (PEG).

23, The method of claim 20, wherein the composition father

comprises a iargeting agent.
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24, The method of 23, wherein the targeled agent comprises an

adamantane (ALY} group, a polyethylens glveol (PEG) and a targeting ligand.

25, The method of claim 24, wherein the targeting ligand is
transferrin,
26, The method of claim 20, whereln the eyclodextrin-containing

polymer is & J-cyclodentrin-containing polymer.

27, The method of claim 1, wherein the disease or disorder is

selected from the group consisting of

Y] eystic fibrosis;

b} Gaucher’s disease;

¢} muscular dystrophy,

d} AIDS;

£} LANCET;

£y progressive heart failure;
g} resienosis

b hemophilia; and

i} neurological conditions.
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28. The method sccording to claim 27, wherein the disesse or

disorder is cancer,

28, The method according to clsim 28 wherein the cancer is

multiple myeloma, leukemia, melanoma, or ovarian cancer.

36, A method of administering an siBNA to treat a dissase or

disorder in 2 patient, the method comprising:

a} administering during & first treatment cyvele a first dose amount

of an siRNA composition comprising:
i, the siRMNA;
il acvclodexirin-containing polymer:

#i.  a stabilizing agent comprising an adamantane {AD} group

and a polyethylene glycol (PEG); and

fv.  atargsting agent comprising an sdamantane {AD) group, 8

polyethyiene glyool (PEG) and a targeting ligand; and

k) administering 2 second dose amount of the SIRNA composition

during subsequent treatment cycles,
wherein the first dose amount is lower than the second dose amount.

31. The method of claim 38, wherein the first dose amonnt is sbowt

18 mg/m’.
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32, The method of claim 30, wherein the second dose amount is

about 25 mg/my to sbout 40 ragim’,

33, The method of claim 30, whersin the first dose amount is about
26% to about 30% lower, sbout 30% to abour 40% lower, abow 40% to about
0% lower, about 50% to shout 60% lower, about 609 to about 70% lower,
about 70% to about B0% lower, about §0% to shout 9096 lower, or about 80%

1o about 999 lower then the second dose amount.

3. The method of claim 30, whersin the first and subseguent

treatment oycles are 21 day treatment oyveles.

35 The method of cleim 34, wherein the first and subssquent
treatment oycles comprise administering the second dose amount on days 1, 3,

3, and 18 of the treatment cycles.

36, The method of claim 30, wherein the siBMNA reduces the

expression of a ribonucleotide reductase subunit 2 (R2) in 2 cell.

37, The method of clalm 36, wherein the first strand comprises 2
sequence selectad from the group consisting of SEQ 1D MNOs: 4, 6, 8, 10, 12,
14, 16, 18, 20, 22, 34, 26, 28, 30, 32, 34, 36, 38, 40, 42, 44, 46, 48, 50, 52, 54,
56, 38, 60, 62, 64, 66, 68, 70, 72, 74, 76, 78, 80, 82, B4, 86, 88, 90 and 92 of
Table 2, and the second strand comprises a sequence selected from the group

consisting of SEQ ID NG 5, 7,9, 11, 13, 15, 17, 19, 21, 23, 15, 27, 29, 31, 33,
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33,37, 39, 41, 43, 45, 47, 49, 31, 33, 55, 57, 59, 61, 63, 65, 67, 69, 71, 73, 75,

F7,79, 8L, 83, 85, 87, 89, 91 and 93 of Table 2.

38, The msthod of clzim 37, wherein the Brat sirand consiste of

SECEID NOx: 68 and the second strand consists of SEQ NO: 61 of Table 2.

38, The method of claim 3¢, wherein the siRNA reduces the

gxpression of endothelial PAS domain protein 1 {EPAST) in a cell

40.  The method of claim 39, wherein the first strand comprises a
sequence selected from SEQ D NQs: 97, 89, 141, 103, 105, 107, 108, 111,
I3, 115, V97, 109, 121, 123, 125, 127, 139, 131, 133, 135, 137, 139, 141,
143, 143, 147, 149, 151, 133, 135, 137, 139, 161, 143, 165, 167, 169, 171 and
173 of Table 4; the second strand comprises 2 sequence selocted from SEQ D
MO 98, 100, 102, 104, 106, 108, 110, 112, 114, 116, 118, 120, 122, 124, 126,
128, 130, 132, 134, 136, 138, 140, 142, 144, 146, 148, 150, 152, 154, 156,

158, 186, 162, 164, 166, 168, 170, 172 and 174 of Table 4.

41, The method of claim 49, whersin the frst sirand consists of
SEQ ID NG 121 and the second stvand consists of SE D NGk 122 of Table

4,

4%, The method of claim 30, wherein the iarpsting ligand is

transferrin,

43, The method of claim 30, wherein the disease or disorder is

selecied from tho group consizting off
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a3 cystic fibrosis;
b3 aucher’s disenss;
c muscular dystrophy,
i} ALDS;
8} CAROELT;
£ progressive hoart failure;
g} restenosis
11} hemophilia; and
i3 neurological conditions.

44, The method according to claim 43, wherein the disease or

disorder is cancer,

45.  The method according to claim 44, whereln the cancer is

multiple myeloma, leukemia, melanoma, or ovarian cancer.

46, A method of administering an siRNA © weat 8 disease or

discrder in a patient, the method comprising:

8} administering during a first 21 day treatment cycle, a first dose

of about 18 mg/m® of an sIRNA composition comprising:

i the siBNA;
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i, = cyclodexirin-containing polymer;

Hi. 3 stabilizing agent comprising an adamantane (AD) group

and a polyethylene glycol (PEG): and

iv. 3 targeting agent comprising an adamantane (AD) group, &

polysthylene ghvool (PE) and transforring and

b} sdministering 2 second dose of sbout 25 meg/m® to about
40 mgfm® of the siRNA composition during subsequent 21 day

treatment oyvoles.

47, The method of claim 46, wherein the first snd subsequent
treatment cycles coymprise administering on days 1, 3, &, and 10 of the

fregtment cycles.

48, The method of claim 46, wherein the siBNA reduces the

expression of a ribonuclectide reduciase subunit 2 (B2) in a cell.

49, The method of claim 48, wherein the fiest strand consists of

8EC 1D NG: 60 and the second strand consists of SE( MO 61 of Table 2.

4, The method of claiim 46, wherein the siBENA reduces the

expression of endothelial PAS domain proteln | {(EPAST) ing cell

51, The method of claim 530, whereln the fiest strand consists of
SECG D MO 121 and the second sirand consists of SEOQ D NGO 122 of Table

4.
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32, The method of claim 46, wherein the dissase or discorder is

selected from the group consisting oft

@) cyatic fibrosis;

b} Craucher’s disease;

¢} muscular dysirophy,

o} ADE;

£} DEBCAT;

£y progressive heart fathure;
£} restenosis

B} hemophilia; and

i} neurclogical conditions.

LS

3. The method according to claim 52, wherein the disease or

disorder is cancer,

54, The method according o claim 53, wherein the cancer is

multiple myelomas, leukemia, melanoma, or ovarisn cancer.

35 A method of reducing an bomune response to siRMA, the

method comprising:
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a) administering during a first treatment cyiole a first dose amount

of an siRNA composition comprising:

i the siRNA:

i, acyelodexdrin-containing polymer;

i, a stabilizing agent comprising an adasmantane {AD) group

and a polyethylene glveol (PEG); and

iv.  atargeting agent comprising an sdamantane (ALY group, a

polyethylene glycol (PEG) and 3 targeting ligand; and

b administering a second dose amount of the siRNA composition

during subsequent treatment oycles,

wherein the first dose amount is lower than the second dose amount.

56, The method of claim 55, wherein the method reduces levels of

iL-6.

57.  The method of clalm 33, wherein the method reduces levels of

TNF-2.
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