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MULTITARGETING INTERFERING RNAS HAVING TWO ACTIVE STRANDS AND
METHODS FOR THEIR DESIGN AND USK

CROSS REFERENCE TO RELATED APPLICATIONS
This application claims the benefit of US Provisional Patent Application Nos, 60/738.441
filed November 21, 2005 and 60/738,640 filed November 21, 2003, respectively, which are

incorporated herein by refeeence in their entirety.

FIELD OF THE INVENTION

The present invention concems methods and reagents useful in modulating gene
expression. Particularly, the invention relates to modulating gene expression using one
multitargeting intcrfering RNA molecule h;iving two strands each of which targets one or more
siles on one or more pre-seleeted RNA molecules. o
BACKGROUND OF THE INVENTION }

It is now known that é‘.inglc and double-strunded RNA can modelate expression of or
modily brocessing of target RNA molecules by a number of mechanisms. Some such
mechanisms lolerate variation in the amount of sequence complementarity required between the
modulatory (or inlerfering) RNA aﬁd the target RNA. Certain microRNASs can translationally
repress tﬁrget mRNA having ag little as 6 nucleotides of complementarily with the microRNA.
The development of RNA interference agents, for example, nsing double-stranded RNA to
tepresy expression of disease-related gencs is currently an area of intense rescarch activity.

Double-strunded RNA of 19-23 bascs in length is recognized by an RNA imerference
silencing complex (RISC‘) into which an effector strand {ot “guide strand”) of the RNA is Toaded.
This guide strand acts as a template for the recognition and destruction of highly complementary -

sequences present in the transeriptome. Allematively, through the recogmition and binding of

* RNA sequences of lower complementarity, interlering RNAs may induce translational repression

wilhout mRNA degradation. Such translational repression appears to be a mechanism of action
of endogenous microRNAs, a group of short non-coding RNAs invelved in diffcrentiation and

developiment.
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Efforts at developing interfering RNAs for therapeutically applications thus [ar have

focused on producing specific double-stranded RNAs, each with complete complementarity to a

particular target transcript. Such double-stranded RNAs (dsRINAs) are potentially elfective
where a single suitable target can be identified. However, dsRNAs, partieularly those designed
against one target, may have at least two calegories of off—target‘sidc effects thal need to be
avoided ur minimized. Undesirable side cffects cun arise through the triggeting of innate
immune response pathways (e.g. Toll-like Receptors 3, 7, and 8, and the so-called interferon
response) and through inadvertent inhibition of protein expression from related or unrelated
transcripts (either by RNA degradation, translational repression or other mechanisms).
Inadvertent side-cllcels cun be obtained when the passenger sirand of a duplex is loaded and
generates suppression of RNA species distinet from those targeted by the putative guide strand.
Loading bias is well understood and most design processes only sclect sequences for a RNAI
duplex from which only the intended guide strand will be loaded. Thus, some bioinformatic
and/or experimental approaches have been developed to try to minimize off-targel effects,
Algorithms for in sifico hybridization arc known, and others have hecn developed for predicting
target accessibility and loading bias in an effort 1o climinute or minimize side-cffects while
maintaining effectiveness. .

Several double-stranded RNA molecules for potentially treating human discascs of viral
and non-viral origin are in various stages of development. The diseases include Age-related
Magular Degeneration, Amyotrophic Lalerut Sclerosis (ALS), and Respiratory Syncytial Vims
(RSV) inlection. These RNA molecules, however, only target a single sitc in un RINA sequence.
Although RNA inlerference may be usefal and potent in obtaining knock-down of specific gene
produds, maﬁy discases involve complex interactions between ontologically-unrclated gene
products. Thus, the use of single-gene targeting approaches may not succeed except where a
single or dominant pathophysiologie pathway can he identified and interrupted.

In fact, many putative targets can be tdentified for most diseases. Atteinpts o confirm
that inhibiting single targets in isolation is therapeutically valuable have been disappointing.
Indeed, obtaining therapeutic effectiveness is proving to be exlrémely challsnging, probubly
becansc of multiple lévels of redundancy in most signaling pathways. For cxample, many

disorders, such as cancer, type 2 diabetes, and atherosclerosis, feature multiple biochemical
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abnonnalities. Tn addition, some putative targets may he subject 10 enhanced mutation rates,
thereby negating the effeets of interfering RNAs on any such target. .

For example, therapeulic approaches to viral infections continue to be major challenges
in agriculture, as well as in animal and human health. The nature of the replication of viruses
makes them highly plastic, “moving targets™ therapeutically — capable of altering structure,
infectivity, and host profile. The recent emergence of viruscs such as Severe Acute Respitatory
Syndrome (“SARS") and Avian Influenza Virus (“bird flu”) exemplify these challenges, Even
well-described viruses such as those imvolved in Acquired Tmemunodeficiency Syndrome or
AlDS (e.g. Human Immunodeficiency Viruses, HIV-1 and HIV-2), continue to dety efforts at
tecattnent und vaccination becausc of on-going viral mutation and evolution.

Furthermore, atthough nucleic acid therapeutics such as interfering RNAs are cundidates
far viral therapy, in purt because modern rapid gene Sequencingltechnique‘s allow viral genome
sequences to be determined éven before any encoded functions can be asseséed, the crror»proﬁe
replication of viruses, particularly RNA viruses, means that substantial genomic di versity can
arise rapidly in an infceted population.” Thus far, stratcgics for the development of nucleic acid
therapeutics have largely centered on the targeting of highly-conserved regions of the viral
genome. It is unclear whether these constructs are efficient at treating viral infection or
preventing emergence of resistant viral clones. . A

Therupeutic approaches that involve the design and use of onc interfering RNA for
control of scveral key “drivers” of the diseasc are thus desiruble. Therefore, there is a need for
interfering RNAs which can modulate multiple RNAs or targel multiple sites within an RNA. A
Methods for the design and for making such therapeutic multi -targeting interfering RNAs are
also needed. Antiviral interfering RNAs that can be developed rapidly upon the isolation and

identification ol new viral pathogens and that can be used to help slow, or even prevent, the

. emergence of new, resistant isotypes are also needed. Finally, it wonld be nsefinl 1o have such

RNAs wherein each of the two strands of a synthetic duplex independently turgets at leagt one of
Lhe multiple target RNAs, » 4

-3 .-
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SUMMARY OF. THE INVENTION '
Interfering RNA molecules are now desi ghed and produced with specilicity for multiple
binding sequences present in distinet genetic contexts in one or more pre-selected target RNA

molecules and are used 10 modulate expression of the Larget sequences.

It a first embodiment, the present invention relates (o a multitargeting interfering RNA

molecule comprising Formula (I):

5p-X SV
3-X'S'Y p-5’

wherein p consists of a terminal phosphate group that is independently present or absent; wherein
S consists of a first nucleotide sequence of a Jength of about 5 to about 20 nucleotides that is
completely complemetitary 1o a first portion of a first binding sequence, and 8' consists of a
sccond nucleotide sequence of 4 length of about 5 to about 20 nucleotides that is completely
complementary to a first portion of a second binding sequence, wherein said first and second
binding sequences are present in distinct genetic contex (s in at least ane pre-sclected target RNA -
molecule, and wherein $ and §' are at least substantially complementary to each other but are not
palindromic; and further wherein X, X', Y, or Y’, is independently absent or coﬁsists of a
nucleotide sequence; wherein XSY is atlcast partizﬂiy complementary Lo the first binding
sequence to allow stable interaction therewith; and wherein Y'8'X’ is at least purtially
co:npleine;ntmy to the sccond binding sequence to allow stable interaction therewith and is at

least partially coxﬁplementm‘y to XSY 1o form a stable duplex therewith.

In one version of this prefetred embodiment, X, X°, Y, or Y', independently consists of one

or morc nucleotides and in another aspect ol this embodiment X consists of a thi rd nucleotide

sequence that is al least partially complementary to a second portion of the first binding

sequence, where the sccond portion is adjacent 1o and connected with the 3’-end of said first
portion of the first binding sequence, and where X' consists of a fourth nucleotide sequence that
is substantially complementary Lo the third nucleotide sequence. Preferably in this aspect X and
X’ are completely com plemc'htary to euch other. Ttis also preferred that, X is completely
complementury to the second poriion of the first binding scquence.

t od -
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In another aspect of this first embodiment, Y is designed 1o consist of a fitth nucleotide
sequence that is at least partially complementary to a sceond portion of the second bincing
sequence and the sceond poftion is adjucent to and connected with the 3'-end of said first portion
of the second binding sequence. In this aspect Y consists of a sixth nucleotide sequence that is
suhstﬁntialiy complementary to the fifth nucleotide sequence. Preferably Y and Y’ are
completely complementary to each other. It is also preferred thal Y* is completely

complementary to the second portion of the sccond binding sequence.

In yet other aspects of this first preferced cmbddiment, S and 8" are completely
complementaty Lo eﬂch—olhér. It is also préfcrrcd thal X8 is completely complementary to the
first portion and the second porlion of the first bincﬁng scquence. It is also contemplated that
Y'8’ is completely complementary (o the first portion and the second portion of the second
binding sequence. Further, XS8Y and Y’S'X’ can be completely complementary to each othéer.
Optionally, in aspects of this invention, S consists of a first nuclcotide sequence of a length of
about 8 10 about 15 nucleotides and XSY and Y’S'X’ preferably include lengths of ahout 15 to
‘ahout 29 nucleotides. Also preferably, cach of XSY und Y'8'X" are of a length of about 19 o
about 23 nucleotides, In some aspects of this ecmbodiment, the multitargeting interfering RNA
molecule coruprises one or more terminal overhangs and preferably these overhangs consists of |
to 5 nucleotides. In other preferred aspects of this embodiment, the multitargeting interfering
RNA molecule comprises at Jeast one modified ribdnuclcmide, universal base, acyclic
nucleotide, abasic nucleotide or non-ribonucleotide and more preferably, the multitargetin g

nterfering RNA molecule comprises at least one 2’-O-methyl rihosy! substitution or a locked

nucleic acid rihonucleotide.

In yet a further aspect of this first embodiment, the first and the second b‘inding seqquences of
the multitargeting interfering RNA molecule are préscm in distinct genetic contexts in one pre-
sefected target RNA molecule or alternatively, the first and the second binding sequences are
present in distinet genetic coﬁtcxts in at least two pre-selected target RNA molecules. Preferably
at lcust one of the pre-selected target RNA molecules is a non-coding BENA molecule. Also
preferably, at least one of the pre-selected target RNA molecales is 4 HIeSSENgRT RNA‘(mRNA). r

fn a further preferable embodiment at east one of (he binding sequenees is present in the 37-

s
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untranslated region (3'UTR) of a mRNA molecule. Preferably the pre-selecled larget RNA
molecules are invalved in a discass or disorder of a biological S)}stcm and the disease or disorder
is preferably that of an animal or a plant. Preferred animals include, but are not limited to rat, a
mouse, a dog, a cat, a pig, a monkey, and a human. Further the pre-selected target RNA
5  molecules encode a protein of a cluss selected from the group consisting of receptors, cytokines,
" transcription factors, regulatory proteins, signaling proteins, cytoskeletal proteins, transporters,

enzymes, hormoncs, and antigens. Preferred proteins include those selected from the group
consisting of [CAM-1, VEGF-A, MCP-1, IL-8, VEGF-B, IGF-1, Gluetp, Inppll, bFGF, PIGF,
VEGF-C, VEGF-P, B-catenin, k-ras-B, k-tus-A, EGFR, and TNT alpha wnd preferably the

10 multilargeling interfering RNA molecule decreases expression of any combination of ICAM-1,
VEGF-B, VEGF-C, VEGE-D, 1L-8, bFGF, PIGF, MCP-1 and IGF-1 in an expression system,
Also preferably the multitargeting interferin g RNA molecule decreuses expression of any
combination of B-catcnin, x-ras, und EGFR in an expression system or decreases expression of
both GlucGp and Inppl | in an cxpression system. Alternatively, the multiturgeting intertering

15  RNA targets viral RNA. Prefered viral targets include human immunodeficiency virus (HIV), a
hepatitis C virus (HCV), an inﬂuc&a virus, a thinovirus, and a severc acute respiratory
syndrome (SARS) virns. As onc cxample, Lhe multitargeting interforing RNA molecule targets
hepatitis C virus (HCV) and an RNA molecule cncoding T NFalpha.

In still further aspects of the present emnbodiment, one or more of the pre-selected target RNA
20 mcﬂwulus preferably comprises one or more RNA molecules selected from a first biological
system. Aliernatively, one or more of the pre-sefected target RNA molecules COMPHSCS One or
more RNA molecules sclecled [rom a second biological system that is infectious to a first
biological system. In another aspect, the pre-selected target RNA melecules comprise one or
more RNA molecules selected from a first biological system and one or more pre-selected target
25 RNA molecules selected from a second biological systemn that is infectious to the first biological
sysfem. Preferably the pre-selected target RNA molecules COIprise one or more RNA
molecules selected from an animal or a plant and one or more RNA molecules seleeted from a
microbe or a virus that is infectious to the animal or the plant. The pre-selected target RNA
molecules preferably comprises un RNA molecule encodin £ a human protein I'NFalpha,

30 LEDGF(p75), BAF, CCRS, CXCR4, furin, NFKB, STATI.

6o
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As examples of the multiturgeling interfering RNA molecules of this invention, 8 preferably
consists essentially of a nucleotide sequence selected from the group consisting of:
(%l](iACAGUCACU (SEQ ID NO: 2), f.‘.‘.UG(i(KIGA(i(‘:CAG (SEQ ID NO:; 21), .
GUGGAUGUGGAG (SEQ ID NO: 22), AGAATCGCAAAACCAGC (SEQ ID NO: 34),
AGAATCGCAAAACCA (SEQ ID NO: 36), CAGGGGAGU (SEQ ID NO: 46),
AGGGCUCCAGGCG (SEQ ID NO: 63) and GCUGGCCGAGGAG. (SEQ ID NO: 64). In
further examples, 8° consists essentially of a nucleotide sequence selecled from the group
consisting of: AGTGACTGTCAC (SEQ ID NO: 1), CUGCCUCGCCCAG (SEQ ID NO: 19),
CUCCACAUCCAC (SEQ ID NO: 20), GCTGGTTTTGCGATTCT (SEQ ID NO: 33),
TQOTTTIGCGATTCT (SEQ ID NO: 35), AC‘TCCCCTG (SEQ ID NO: 41),
CGCCTGGAGCCCT {(8EQ ID NO: 61) and CTCCTCGGCCAGC. (SEQ 1D NO: 62),

In yet other embodiments, the multitargeting interfering RNA molecules consist essentially

of:

5" ~CGAGUGACACUCACUAGCUCC -3 ¢ (SEQ ITNQ: 3)
37 -UAGCUCACUGCUCAGUGAUCEGA 5/ (SRQIDNOD: 4y

5/ - UCGAGUGACAGIHIACTTAGCUC-3 ¢ (SO ID NO: 7)
31 ~CUAGCUCACUGUCAGUGAUCG-5 * (SLQID NO: 8);, ’

5! - UCGAGUGACAGIICACTIAGCTICC-3" (SEQ I NO: 11)
3/ —CUACCUCACUGUCAGUGAUCGA-5 "  (51Q 11D NO: 12);

57 ~CCAGUGACAGUCACTTAGCTICC -3 ' (510 1D NO: 3)
3’ -UAGUUCACUCUCAGUGAUCGR 57 (SRQIDNG; 14)

5/ — UCCAGUGACAGUCACTAGUTIC-3  (SEQ 1D NO: 15)
3 ~CUMAGCUCACUGUCAGUGATICE -5 7 (SEQ 1D NO: 8);

b 1 -CCACUGACAGUCACUGAUTICC -3 ¢ (SEQ ID NO: 16)
3 -CUAGCCACUGIICAGUGAUICGA-B {SEQ 1D NO: 17),

5 ' -GAUCGAGUGACACUCACUAGLUC 37 (SEQ 1) NCE 6%)
3 —CUAGCUCACUGUCAGUGAUCEG 5 (SEQIN NO; &)

N A
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3’ ~CCUCACAGGGGAGUUGUGCCC-3 / (SFQ 1D NO: 57}

3¢ UCGGAGUGUCCCCUCAACACG-5" (SEQ 1D NO: 5R); and

5 ¢ -CCUCACAGGEEAGUUGUGCTIU- 37 (SEQ 11 NO: 59)
3’ ~UUGCAGUGUCCCCUCANCNACG-5" (SLQ I NO: 50

In another cmbodiment of the present invention the invention relates to a biological

system comprising a multitargeting interfering RNA molecule comptising Formula (I):

' 5p-X 8§ Y3
3"‘;X’S’Y"‘I"5’

wherein p consists of a terminal phosphate group that is independently present or absent; wherein
S consists of a first nucleotide sequence of a length of aboul 5 (o about 20 nucleotides thal is
completely complementary to a first portion of a (irst binding sequence, and §° consists of a
second nucleotide sequence of a length of aboul 5 10 about 20 nucleotides that is completely
complementary 1o a first portion of a second binding sequence, wherein said first and second
bioding sequences arc present in distinet genetic contexts in at Jeast one pre-sclected target RNA
motecule, and whercin § and §° are at least substantially complementary to each other but are not
palindromic; and further wherein X, X", Y, or Y’, is independently absent or consists of a
nucleotide sequence; wherein X8Y is at least partially complementary to the first binding
sequence Lo allow stable inleraction therewith; and wherein Y’8°X” is at leasl partially
complementary to the sccond binding sequence to allow stable interaction therewith and is at
least partially complementary to X8Y to form a stable duplex therewith. In the present

invention, preferred biological systems include virus, microbes, cells, plants, or animals.

"The invention further relates to vectors comprising nucleotide sequences encoding the
multitargeting interfering RNA molecules of this invention. Preferred vectors include viral
vectors and preferred vectors are those selected from the group consisting of an adeno-associated
virus, & relrovirus, an adenovirus, a lentivirus, and an aiphavirus. Cells comprising these vectors
are also contemplated in this fuvention. Where the mulitargeting interfering RNA molecule i8 &

shott hairpin RNA molecule, vectors éapablc of encoding these short hairpin RNA molecule and
o8-
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thuse cells conlaining those vectors or the short hairpin RNA molecules of this invention are also

contemmplated,

The invention further rglates to pharmacecutical compositions comprising the
multitargeting interfering RNA melecules of this invention together with an aceeptable carrier.
Other pharmacentical compositions include the vectors of this invention together with acceptable

carriers.

Int yet another emboditnent of the present invention, the invention relales to a method of
inducing RNA interference in a biological system, such as virus, microbes, cells, plants, or
animals. These methods include the steps of introducing the multitargeting interfering RNA

molecules of the present invention into those biological systems.

Further embodiments of this invention include methods for designing multitargeting
interfering RNA molecule, comprising thg steps of: a) selecting one or more target RNA
molecules, wherein the modulation in expression of the target RNA molecules is desiréd; b)
obtaining at least one nucleoﬁde sequence for each of the target RNA molecules; c) selecting a
length, n, in nucleotides, for a seed sequence, wherein n = about 6 or more; d) obtaining a
collection of candidate seeds of the length z# from each nucleotide sequence obluined in step b),
wherein a candidate seed and its complete complement are not palindromic, and the candidate
seed oc:curs at least once in one or more of the nucleotide sequences obtained in siep b), and its
complete complement occurs at least once in one or more of the nucleotide sequences obtaincd,
in slep b); &) delenmining the genetic conlext of each of the candidate seeds and its complete
comph:m.cnl, by collecting, for cach occurrence of the candidate seed and its complete
complement, a desired amount of the 5° and 3’ flankin g sequence; 1) selecting a sced of the
length n from the group of candidate seeds; g) selecting a first consensus target sequence, which
comprises the seed and a consensus 3’-flunking sequence to the seed determined from the
sequences obtained in step b); h) selecting a second consensus target sequence, which comprises
the complete con‘lplemenl'of the seed and a consensus 3’-flunking sequence to the complete
complement of the seed delermined from the sequences obtained in step b); i) obtaining a first
strand sequence, which comprises the first consensus target sequence selected in step g) and,

adjacent to and connected with the 57-end of the first consensus target segucnce, a complement
9. : : '
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ot the consensus 3' flanking sequence of step-h); j) obtaining a second strand sequence which
comprises the sccond consensus target sequence seleeted in step h) and, adjacent Lo and
connected with the 5'-end of the second consensus larget sequence, a complement of Lhe
consensus 3' flanking scquence of step g), and; k) designing a multitargeling inlerfen'ng RNA
molecule comprising a first strand having the first strund sequence in step i) and a second strand -

having the second sirand sequence obtained in step j).

In a preferred aspect of this embodiment, the invention further comprises the step of
obtaining a collection of candidate sceds of the length 7, the sleps of: i) generating a first
collection of sequences of the length n from each of the nucleotide sequences obtained in step b)
above using a method comprising the steps of: 1) boginndng at a terminus of each of the
nucleotide sequence; 2) sequentially observing the nucleotide sequence using a window size of
n; and 3) stepping slong the nué]cotide séc]uence with a step size of I; ii) gencrating a sceond
collection of sequences each of which is completely complementary to a sequence in the first
colleetion; and iii) obluining the collection of candidate seeds of the length n from the inspection
of the first and the second collections of sequences, wherein a candidate seed and its complete '

complement arc not palindromie, and cach candidate seed and ils complete complement occurs at

- least once in the nucleotide scquences obtained in step b) of the method provided above.

In another preferred aspect of this designing embodiment, the step of obtaining a
collection of candidate seeds of the length 7 comprises the steps of: 1) obtaining the completely
complementary sequence for each nucleotide sequence obtaincd in step (b) of this designing
method; ii) penerating a first collection of sequences of the length # from each of the nucleotide
sequences obtained in sl.cpt b) and a second collection of sequences of the length n from each of
the completely complementary sequences obtained in the present method, wherein the generating
step comprises: 1) beginning at a terminus of the nuclcotide sequence of each of the nucleotide
sequences obtained in step b) above or each of the completely complementary seq uences
obtuimed in this aspect of the invention; 2) sequentially observing the nucleotide sequence using
4 window size of n; and 3) stepping along the nucleotide sequence with a step size of 1; und
wherein following the generating step of this aspect the method further comprises iii) obtai ning

the collection of candidate seeds of the lengih n from the inspection of the first and the second

10
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collections of scquences, wherein a cundidale seed and its complete complement are not.
palindromic, and cach of the candidale seeds is present-in both the first and the second collection -

of sequences,

In another preferred aspect of this embodiment, the step of selecting a group of candidate
seeds comprises the step of ciiscz\rding any sequence of the length 2 that: 1) is composed of a
consecutive string of 5 or more identical single nucleotides; ji)is composed of only adenosine
und uracil; iif) is predicted to occur with unacceptable high frequency in the non-target
transcriplome of interest; iv) is predicted to have a propensity to undesirably modulale the
exXptession or aciivily of one or more cellutar component; v) is any combination of i) (o iv}; or vi)
is palindromic, Preferably, cach of the steps of selecting a first and a second consensus target
seqience comprises the step of discarding any sequence Lhat; 1) is composed of only a single
base; ii) is composed of only adenosine and uracil; iii) has a consecutive string of five or more
buses which are cytosine; iv) is predicted to occur with unaceeplable high frequency in the non-
largel trunscriptome of interest; v) is predicted to have a propensity to undesirably modulate the

¢xpression or activity of one or more cellular component; or vi) is any cornbination of i) to v).

The designing methads of this invention smay further comprise the step of modifying the
multilargeting interfering RNA molecule, 1) to improve the incorporation of the first and the
second strands of the multitargeling interfering RNA molecule into the RNA induced silencing
complex (RISC); ii) to invrease or decrease the modulation of the expression of al least one
target RNA molecule; iii) to decrease steess o inflamnmatory response when the multitargeting
interfering RNA molecule is administered into a sabject; iv) to alter half life in an expression

system; or v) any combination of i) to iv).

The designing methods of this invention preferably further comprise the steps of making
the designed multilargeting interfering RNA molecule and testing it in a suitable expression
system. Preferably the step of selecting a first consensus target sequence further comprises
désigning the consensus target sequence where the consensus 3° flanking sequence to the seed
comprises a sequence that 18 al leust purtially identical to the 3° flanking sequence to the seed in
at least one sequence obtained in step b) of the designing steps of this invention. Alternatively,

the consensus 3°-flanking sequence ta the sced can comprise a sequence that is identical to the 3°
ca 1l --
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flanking sequence to the seed in at least one sequence obtained in step b) of the designing
methods of this invention. Further, in the step of selecting a second consensus target sequence,
in one uspect, the consensus 3’ flanking sequence to the complete complemeant of the sced
comprises a sequence that is at least partially identical to the 3" flanking sequence to the
complete compiement of the seed in at least one seqnence obtained in step b). In other
embodiments the consensus 3’ flanking sequence to the complete complement of the sced
comprises a sequence that is identical to the 3'-flanking sequence to the sced in the sequences
obtuined in step b). In yet other aspects related to this designing method, in the step of obtaining
a first strand sequence, the complement of the consensus 3 flanking sequence is a complete
complement of the consensus 3° flanking sequence of step h) of the designing method. Or, also
preferably, in the step of obtaining a 'sccond strand sequence, the complement of the cmsenéus
3" flanking sequence is a complete complement of the conscnsus 3° flanking sequence of step g).
In a further aspect, in the step of designing a multitargeting interfering RNA molceule, the first
strand and the second strand are completely complementary to each other, excepting the
overhangs if present or in another aspect in the step of designing a multitargeting intertering
RNA molecule, the first strand and the second strand are incompletely complementary to each

other.

In another embodiment of this invention, the invention relates to a method of treating a
subject, comprising the step of administering to said subject a therapeutically effective amount of
a pharmaceutical composition comprising a multitargeting interfering RNA molecule of this
invention. In a preferred aspect of this invention, the method further compriscs administering to

said subject a therapeutically etfective amount of one or more additional therapeutic agents.

In yet another embodiment of this invention, the il1vel1tj0|1 relates to a methaod of
inhibiting the onset of a disease or condition in a subject, comprising administering to said
subject 4 prophyluctically effective amount of a pharmaceutical composition comprising at least
one mullitargeting interfering RNA molscule of this invention. Other embodiments include
prbcessus for making a phdmxaceulical composition comprising mixing a multitargeting

interfering RNA molecule of this invention and a pharmacentically acceptable carrier,

—-12--
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Other aspects of the invention include methods of treating and methods of inhibiling the
onset of a disease or disorder using a mullilargeting interfering RNA of the invention, and
methods of making a pharmaceutical composition comprising a multitargeting interfering RNA

of the invention,

BRIEF DESCRIPTION OF THE DRAWINGS ‘

Figure 1; Multitargeting of V@GF-A and ICAM-1 wsing both strunds of a
CODEMIR duplex. A 12 nt seed region was identified by analyzing the two target transcripts.
Vaurious permutations of positioning the CODEMIR around the seed were investigated und the
rosulling seguences dare listed in Table 1-1. A: untransfected cells; B: irrelevant siRNA control;
C: TCAM-!} and VEGF-specific siRNAs; [): CODEMIR-16; E: CODEMIR-17; F: CODEMIR- -
26: (i CODEMIR-27; H: CODEMIR-28 and I: CODEMIR-36, The activily of these
CODEMIRs against [CAM-1 (open burs) and VEGF-A (closed bars) was detenmined using RPE
cells. CODEMIR-27 and -28 correspond to the duplexes of CODEMIR-16 and -17, respectively,
excepting the introduction of wobblc base-pairs into the extremities of the duplexes to adjust the
loading bius. CODEMIR-36 is an example of an incompletely complementary duplex formed
with guide strands that are fully complementary to the regions of VEGF-A and ICAM-1 mRNA
targeted by CODEMIR16 and CODEMIR17. |

Figure 2 Panel A: Further exemplification of multitargeting using both strands of a
CODEMIR duplex in which the CODEMIR duplex strands may be completely comp]eméntary
1o each other. Any overhangs present will be without complementary hasc pairing. Panel B: An .
example of a CODEMIR showing incomplete complémentnrity between the two aclive strands of
the CODEMIR. Such incomplete complementarity, can derive, for example, by virtue of cach
strand being completely complementary or almost completely complementary to its respective
target. .

Figure 3. Effect of a single blant-cnd on VEGF and ICAM suppressive activity of
CODEMIR turpeting these two proteins, A: untransfected cells; B: mock wransfeeted; C:
Irrelevant control siRNA; D: CODEMIR-17 and T; CODEMIR-103. ARPE- 19 cclls were
transfected with 40nM duplex RNA and VEGT (closed buars) or ICAM (open bars) expression
was assaycd 48 hours post-lranslection. Each bar represents the mean of triplicate samples.

Error bars indicate standard deviation of the mean.

X
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DETAILED DESCRIPTION

Various publications, articles and patents are cited or described in the background und
throughout the specification; each of these references is hercin incorporated by reference in its
entirety. Discussion of documents, acts, materials, devices, articles or the like which has been
included in the present specification is for the purpose of providing context for the present
invention. Such discussion is not un admission that any or all of these matters form part of the
prior art with tespeet (0 any inventions disclosed or claimed.

Unless defined otherwise, all technical and scientific terms used hercin have the same

meaning as commonly understood to ong of ordinary skill in the art to which this invention

© pertuins. In this invention, certain terms are used frequently, which shall have the meanings as

sel forth as [ollows. These terms may also be explained in greater delail later in the
speeification.

The following are abbreviations that are at times used in this specification:

bp = basc pair

cINA = complementary DNA

CODEMIR = COmp‘u[.alionally-DEsigned, Multi-targeting Interfering RNAs

kb = kilobase; 1000 base pairs ‘ '

kDa = kilodalton; 10(X) dalton

miRNA = microRNA

ncRNA = non- coding RNA

nt = nucleotide

IPAGE = polyacrylamide gel electrbphorcsis

PCR = polymefase chain reaction

RISC = RNA interference silencing complex

RNAi = RNA interferenee

SDS = sodium dodeeyl sulfate

SIRNA = short interfering RNA

shRNA = short hairpin RNA

8NPs = single nucleotide polymorphisms

UTR = untranslated region -

14 --
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VIROMIR = multitargeting interfering RNA preferentially targeted to viral targets

It must be noted that as used herein and in the appended claims, the singular forms “a,”
“an,” and “the” include plural reference unless the context clearly dictates otherwise. Thus, for
cxample, a reference 1o *a cell” is a reference 1o one or mote cells and includes equivalents
thercof known'to those skilled in the art and so forth.

An “activity”, a “biological activity™, or a “functional activity” of a polypeptide or
nucleic acid refers to an activity exerted by a polypeptide or nucleic acid molecule as determined
in viver or in vitro, according to standard techniques. Such activities can be a direct activity, such
us the RNA interfering acfivity of an iRNA on a target RNA molecule, or an indirect uctivity,
such us a cellular signaling activity medialed by the RNA interfering aclivily of an iRNA.

"Biclogical system" means, material, in a purified or unpurified form, from biological
sources, including but not timited to human, animal, plant, inscct, microbial, viral or ather
sonrces, wherein the system comprises the components required for biologic activity (e.g.,
inhibition of gene expression). The term "biological system” includes, for example, a ceil, a
virus, a microbe, an organism, an animal, or a plant. A

A “cell” means an autonomous self-replicating unit that may constitute an organism (in
the case of unicellular organisms) or is a sub unit of multicellulur orgunisms in which individual
cells muy be specialized and/or differentinted for particular functions. A-cell cun be prokaryotic
ot cukatyotic, including bacterial cells such as F, ¢oli, fungal cells such as yeast, bird cell,
mammalian cells such as cell lines of human, bovine, porcine, monkey, sheep, apes, swine, dog,
cat, and rodent origin, and insect cells such as Drosephila and sitkworm derived cell lines, or
plant cells. The cell can be of somatic or germ line origin, tolipotent or hybrid, dividing or non-
dividing. The cell can also be derived from ot can comprise & gamete or embryo, & stem cell, or
a fully differcntiated cell. Tt is tfurther understood that the term "cell” refers not only to the
particular subject cell, but also to the progeny or potentizﬂ progeny of such a cell. Because
certain modifications can occur in succeeding generations due to either muta;cion or ‘
environmental influences, such progeny muy not, in fact, be identicul to the parenl cell, but are
still included within the scope of the term s used herein. ’

ﬂmmm%mmmwmmyoﬂmemwmmwmuwﬂmﬁnmmmwwno

polynucleotides or oligonucleotides (which terms are used interchangeably herein) refers 10 a

- 15--



10

25

30

WO 2007/056829 PCT/AU2006/001750

- J&J 5207

measure of the ability of individual strands of such poly- or oligonucléotidcs ta associale with
each other, Two mujor fundamental interactions in RNA are stacking and hydrogen bonding.
Both contribute to free-energy changes tor associations of oligoribonucleotides., The RNA-RNA
intcractions include the standard Watson-Crick pairing (A opposite U or T, and G opposite ()
and the non-Watson-Crick pairing (including but not limited to the interaction through the
Hoogsteen edge and/or sugar edge) (sec ¢.g., Leontis et al.,, 2002, Nucleic Acids Reseurch, 30:
3497-3531). A sequence tfmt is complementary Lo another sequence is also referred to as the
complement of the other. 4

The degree of complementarity between nucleic acid strands has significant offects on the
efficiency and strength of the association between the nucleic acid strands. “Complementarity”
belween two nucleic acid sequenees corresponds to free-energy changes for helix formation.
Thus, determination of binding free encrgies fur nucleic acid molecules is useful for predicting
the three-dimensional structures of RNAs and {or inlerpreting RNA-RNA, associalions. e.g.,
RNAI activity or inhibition of gene expression or formation of double stranded oligonucleotides.
Such determination cun be made using methods known in the art (see, e. g., Turner et al., 1987,
Cold Spring Harb Symp Quant Biol. 52:]23—33;.Fricr ctal., 1986, Proc. Nat. Acad. Sci. USA
83:9373- 9377; Turnct cL al., 1987, J. Am. Chem. Soc. 109:3783-3785).

As the skilled artisan will appreciate, complementarity, where present, can be partial, for -
cxample where at least onc or mbfe nucleic acid bases between sirands can pair according to the
canonical base pairing rules. For example, the sequences 5'-CTGACAATCG-3', 5'-
CGAAAGTCAG-3 are partindly complementary (also referred to herein as “ixlcomﬁielely
complerfientary™) to cach other, “Partial complementarity” or “partially complementary” as used

herein indicates that only a percentage of the contiguous residucs of a nucleic acid sequence can

“form Walson-Crick base pairing with the same number of contiguons residues in a second

nucleic acid sequence.in an autt-parallel fashion. Forexsmple, 5,6, 7, 8, 9, or 10 nuclectides out
of a total of 10 nucleotides in the first oligonucleotide forming Watson-Crick base pairing with a
second nucleic acid sequence having 10 nucleotides represents 50%, 60%, 70%. 80%, 90%, and
100% complementarity respectively. ‘

‘ Complementarity can also be otal where each and every nucleic acid hase of one strand
is capable of forming hydrogen bonds according to the canonical base pairing rules, with a

corresponding base in another, antiparallel strand. For example, the sequences §'-

e 16--
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CTGACAATCG-3 and 5-CGATTGTCAG-3' arc totally complementary (also referred to hetein
as “complctely complementary”™) to cach other. As used herein “complete complementarity” or
“completely complementary” indicates that all the contiguous residues of a nucleic acid sequence’
vant form Watson-Crick base pairing with the same number of contiguous residues in a second
nueleic acid sequence in an anti-parallel fashion. A sequence Lhat is completely comblemenmry'
10 another sequence Is also referred to as the complete complement of the other,

The skilled artisan will appreciate tfmt where there are no bases thal can adequalely base
pair with corresponding contignous residucs in an antiparallel strand, the two strands would be
considered to have no complementarity, In certain embodiments berein, at least portions of two
antiparallel strands will have ne complementarity. In certain embodiments such portions may
comprise even a majority of the length of the two strands. ‘

In addition to the foregouing, the skilled artisan will appreciate that in strands of equal
length thal are complemly comp]cmenﬁry, all sections of those strands are completely
complementary to cach other. Strands which are not of equal length, i.e. present in a nucleotide
duplex having onc or bath ends not being blung, may be considered by those of skill in the art to
be completeiy complementary; however there will be one or more hases in the overhanging end
or ends (“overhangs™} which do not have corresponding bases in the opposing strand with which
to base pair. In the case of strands that are incompletely or partially complementary, it is to be
understood that there may be portions or sections of the strands wherein there are several or even
many contiguous bases which are completely complementary to each other, and other portions of
the incompletely complementary strands which have less than complete complementarity - ie.
those sections are only partially complementary to each other. ‘

"The percentage of complementarity between a first nucleotide sequence ;dnd 1 second
nucleotide sequence can be evaluated by sequence identity or similarity between the first
nucleotide sequence and the complement. of the sccond nucleotide sequence. A nuclentide
sequence that is X% complementary to a second nucleotide sequence is X% identical to the
complement of the second nucleotide scquence. The “complement of a nucleotide sequenee” 1s
completely complemeﬁtary to the nucleotide sequence, whose sequence is readily deducible from

the mucleotide sequence using the rules of Watson-Crick base pairing.

- 17 -
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“Conservalion or conserved™ indicates the extent to which a épeci fic sequence is found 1o
he represented in a group of related target sequences, regardless of the genetic context of the
specific sequence. A

“Cienetic context” refers Lo the flanking scquences that surround a specific identified
sequence and that are sufficiently long (o enable one of average skill in the art to determine its
position within a genome or RNA molccule relative to sequence annotations or other markers in
common use. '

“Sequence idenlity or similarity”, as known in the art, is the relutionship between two or
more polypeptide sequences ot two or more polynucleotide sequences, as delermined by
comparing the sequences. In the art, identity also means the degree of sequence relatedness
between polypeptide or polynucleotide sequences, as the case can be, as determined by the match
between strings of such sequences. To determine the percent identity or similarity of two umino
acid sequences of of two nucleic acids, the sequences are aligned for optimal comparison
purposes (e.g., gaps can be introduced in the sequence of a first amino acid or nucleic acid
sequence for optimal alignment with a second amino or nucleic acid sequence). The amino acid
residues or nucleotides at corresponding amine acid positions or nucleotide positions are then
compared. When a position in the first sequence is occupied by the same or similar amino acid
residuc or nucleotide as the corresponding position in the second sequence, then the molecules

are identical or similar at that position. The percent idenlily or similarity between the two

" sequences is a function of the number of identical or similar positions shared by the sequences

(i.e., % identity = number of identical positions/total number of positions (e.g., overlapping
positions) x 100). Two sequences that share 100% sequence identily are identical. In one
embodiment, the two sequences are the same lengih,

Both identity and similarity can be readily calcutated. Methods commonly employed to
determine identity or similarity between sequences include, but are not limited to those disclosed
in Curillo et al, (J938), STAM J. Applied Math. 48, 1073. Preferred methods 10 determine
identity are designed to give the largest match between the sequences tesled. Methods to
deterznipe identity and similarity are codified in computer programs. A

A non-limiting example of 2 mathematical algorithm utilized for the compatrison of two
sequences is the algorithm of Kurlin et él., (1990), Pruc. Natl. Acad. Sci. USA 87:2264-2268,
moditied as in Karlin el al.,, (1993), Proc. Nl Acad. Sci. USA 90:5873-5877. Such an

TR
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algorithm is incorporated into the NBLAST and XBLAST programs of Altschul et al., (1990), J
Mol. Biol 215:403-410, To obtain gappéd alignments for comparison purposes, Gapped BLAST
can be utilized as described in Altschul et al., (1997), Nucleic Acids Res. 25:3389-3402.
Alwernatively, PS1-Blast can be used to perform an iterated scarch which detects distant
relationships hetween molecules. When utilizing BLAST, Gapped BLAST, and 1’SI-Blast
programs, the default parameters of the respective programs (¢.g., X BLAST and NBLAST) can
be used. Additionally, the FASTA method (Atschul et al., (1990), J. Maler. Biol. 215, 403), can .
also be used. ' 4

Another non-limiting example of a mathematical algorithm useful for the comparison of
sequences 1s the algorithm of Myers et al, ( 1‘988), CABIOS 4:11-17. Such an algorithin is
incorporated into the ALIGN program (vm;sion 2.00 |

In an embodiment, the percent identity between (wo sequences is determined usfng the
Needleman and Wunsch (J. Mol Biol. (48):444—453 (1970)) algorithm which has been
incorporated into the GAP program in the GCG sofiwarc package. The Accelrys GCG GAP
program aligns two complete sequences to muaximize the number of matches and minimizes the
number of gaps,

In anothier cmbodiment, the percent identtity between two sequences is detmnmud using
the local homaology al gonthm of Smith and Waterman (J Mol Biol. 19381, 147(1): |95-7), which
has been i incorporated into the BestFil program in the Accelrys GC'G soltware package. The
BestFit program mz;kes an optimal alignment of the best segment of similarity between two
sequences. Optimal alignments are found by inserting gaps to maximize the number of matches.

Nuclentide sequences that share a substantial degree of complementarity will form stable‘ )
interactions with each other, for example, by matching base pairs. As used hergin, the term
“Stab]é interaction’ wilh respect to two nuclectide sequences indicates that the two nucleotide
sequences have sufTicient complementarity and have the natural tendency to interact with each
other 1o form a double stranded molecule. Two_nuc}eotide sequences can form slable interaction
with each other within a wide range ol sequence complementarity. In general, the higher the
complementarity the stronger or the morce stable the interaction is. Diflerent strengths of
interactions may he required for diffcrent processes. For example, the strength of interaction for
the purpose of forming 4 stable nucleotide sequence duplex in vitro may be ditferent trom that

for the purpose of [orming a stable interaction between an iIRNA and a binding sequence in vivo,

e 19--
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‘I'he strength of interaction can be readily determined experimentally or predictcd with
appropriate software by a person skilled in the art. }

Hybridization can be used Lo test whether two polynucleotides are substantially
complementary to cach other and to meusure how stable the interaction is. Palynucleotides thal
share a sufficient degree of complementarity will hybridize to each other under vardous
hybridization conditions, In onc cinbodiment, polynucleotides that share a high dogree of
complementarity thus formn strong slable interactions and will hybridize to cach other under
stringent hybridization conditions, “Stringent hybridization conditions” has the meaning known
in the art, as described in Sambrook ¢t al., Molecular Cloning: A Laboratory Manual, Second
Edition, Cold Spring Harbor Laboratory, Cold Spring Harbor, New York, (1989). An exemplary
stringent hybridization condition comprises hybridization in 6% sodium chlonide/sodium citrate
(88C) at about 45 °C, followed by one or more washes in 0.2x $8C and 0.1% SDS ut 50 - 65 °C.,

As used herein the term "mismateh” refers to a nucleotide of either strand of two
interacting strands having no corresponding nucleotide on the correspondin g strand or a
nucleotide of either strand of two intcracting strands havmg a c.orrespondm g nuclcotide on chc
corresponding strand that is non-complementary.

As used herein, a "match” refers to a complemenlﬁry puiring of nucleotides.

As used herein, the term “expression system” refers to any in vivo or in vitro system that
can be uécd to evaluate the expression of a target RNA molecule and or the RNAGI activity of a
multitargeting RNA molecule of the invention. In particular embodi ﬁlcnts, the “expression

system" comprises one or morc larget RNA molecules, a multitargeting interfering RNA

" molecule targeting the target RNA moleeules, and a cell or any type of in vitro expression

system known to a person skilled in the art that allows expression of the tarzel RNA molecules
and RNAI.

‘As used herein, the term “RNA™ includes any molecule comprising at least one
ribonucleotide residue, including those possessing one or more natural nucleotides of the
foilowingbases: adenine, cﬁosilwc, gﬁanina. and vracil; abbreviated A, C, G, and U, respectively,
modificd ribonucleotides, universal base, acyclic nucleotide, abasic nucleolide and non-
tibonucleotides. "Ribonucleotide” means a nuclcotide with a hydmxy! group at the 2' pasition of

a p- D-ribo- turanose moiety.
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As used herein, Lhe term “non-target transcriptome” or “non-targoted transcriptome”

" indicates the transcriptome aside from the targeled RNA molecules. For exumple, when a

multitargeting interfering RNA is designed to target a viral RNA, the non-targeted transcriptome

is that of the host, When a multitargeting interfering RNA is desi gned to target a giveh RNAina '

biological system, the non-targeted transeriptome is the transcriptome of (he biological system

aside from the given largeted RNA. ' .
Modified tibonucleotides include, for example 2'deoxy, 2'deoxy-2'-fluaro, 2°0O-methyl, ”

2’0-methoxyethyl, 4’thio or locked nucleic acid (LNA) rihonucleotides. Also contemplated

herein is the use of various types of ribonucleotide analogues, and RNA with internucleotide

linkuge (backbone) modifications. M odified internucleotide linkages include for gxample,

phosphorothioate-modified, and even-inverled linkages (1.e. 3'-3" or 5°-3"). Preferred
ribonucleotide analogues include sugar-modified, and nucleobase-modified rihonucleotides, as
well as combinations thereof. Tn preferred sugur-moditied ribonucleatides the 2° - OH-group is
replaced by a substituent selected from H, OR, R, halo, 81T, SR, NH3, NHR, NR; or ON, wherein
R is C1-C6 alkyl, alkenyl or alkynyl and hato 18 F, Cl, Br, orI. In preferred backbone-modified
ribonuclcot.idg:s, the phosphoester group connecting o adjacent ribonucleotides is reptaced by a
modified group, e.g. a phosphorothicate group. Any orall of the above modifications may be
combined. In addition, the 5'termini can be OH, phosphute, diphosphate or triphosphate, -
Nucleobase-modified 1’ihdtltlcleotides, i.¢. ribonucleotides whercin the naturally-oecurrin g
nucleobuse is replaced with a non-naturally oceurring huc]e:obase instcad, for example, uridings
or cytidines moditied at the S-position (e.g. 5-(2-umino)propyl uridine, and 5-bromo uridine);
adenosines and guanosinee modified at the 8-position (e.g. 8-bromo guénosine); deaza
mycleotides (c.g.' 7-deaza-adenosine); - and N-atkylated nucleotides (e. g. N6-methyl adenosine)
are also contemplated for use herein. ‘
The term "universal base" ag used herein refers to nucleotide hase anwlogs that form bese

pairs with cach of the natural DNA/RNA bases with liltle discrimination betwesn them. Non-

_ limiting examples of universal bases include C-phenyl, C-naphthy! and other aromatic

derivatives, inosine, azole carboxamides, und nitroazole derivatives such as 3- nitropyrrolc, 4—
nitroindole, S-nitroindole, and 6-mtmmdole as known in the art (s(-,.e for example Loakes, 2001
Nucleic Acids Rescarch, 29, 2437- 2447).

)
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The term "acycelic nucleotide” as used herein refers to any nucleotide huving an ucyc.lic
ribose sugar, for example where any of the ribose carbons (C1, C2, 3, C4, or C5), ure
independently or in combination absent from the nucleotide.

As used hercin with respect to the listing of RNA sequences, the bases thymidine (*1”")
and uridine (“U™) are frequently interchangeable depending on the source of the sequence
information {(DNA or RNA). Therefore, in disclosure of target sequences, seed sequences,
candidarc seeds, target RNA binding sites, and the like, the base *1™ is fully interchangeable -
with the base “U”. However, with respect to specific disclosures of the interfering RNA
molecules of the invention, it is to be understood that for such sequences the use of the base *“U”
cannot be generally substituted with “T” 1 a funclional manﬁcr. It is however known in the art
that certain oceurrences of the base “U” in RNA molecules can he substituted with “T™ without
gubstantially deleterious effect on functionality. For example, the substitution of T for L in
overhangs, such as Ul overhangs at the 3" end is knawn to be silent, or at a minimum,
accéptah]e, and thus 19 permissible in thé interfering RNA sequences provided herein. Thus, itis
contemplated that the skilled artisan will ﬁppreciute how to vary even the specific inlerfening
RNA sequences disclosed herein to ammive at other structurally-relaled and functionally-.
eduivalent structures that are within the scope of the instant invention and the appended claims.

A “la;get RNA molecule” or a “pre-selceted targel RNA molecule” ag used herein refers
to uny RNA molecule whose expression or activity is desired to be modulated, for cxample
decrcased, by an interfering RNA molecule of the invention in an expression system. A “target
RNA molecule” can be a messenger RNA molecule (mRNA) that encodes a polypeptide of
interest. A messenger RNA molecule typically includes a coding region and non-coding regions
preceding (“5"UTR”) and following (“3'UTR”) the coding region. A “target RNA molecule™
can also be a non-coding RNA (ncRNA), such as small temporal RNA (stRNA), micro RNA
(miRNA), small nuclear RNA (snRNA), short interfering RNA (siRNA), small nucleélm' RNA
(snoRNA), ribosomal RNA (fRNA), trunsfer RNA (IRNA) and precursor RNAs thereof. Such

non-coding RINAs can also serve us turget RNA molecules becuuse neRNA is involved in

functional or regulatory ecllular processes. Aberrant neRNA activity Tcadi ng to discase can
therefore be modulated by multitargeting interfering RNA molecules of the invention. The target
RNA can further be the genome of a virus, for example a RNA virus, or a replicative

intermediate of any virus at any stage, as well as any combination of these,

i
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The “target RNA molecule” can be a RNA molecule that is sndogenous to a biological
system, or 2 RNA molecule that is exogenous to the biological system, such as a RNA molecule
ol a pathogen, (or example a virus, which is preseht in a cell after infection thereof. A cell
conlaining the largel RNA cun be derived from or contained in any organism, for example a
plant, animal, protozoan, virus, bacterium, or fungus. Non-limiting examples of plant"s: include
monocols, dicots, or gymuosperms. Non-limiting examples of animals include vertebrates or
invertebrates. Non-limiting exumples of fungi include molds or yeasts.

-A "target RNA molecule"” as used herein may include any variants or potymorphism of a
desired RNA molecule. Most genes are polymorphic in that 2 low but nevertheless significant
rate of sequence variability occurs in a gene among individuals of the same species. Thus, a
RNA molecule may correlate with multiple sequence entrics, each of which represents a variant
or a“polymoi’phism of the RNA molecule. In designing any gene suppression toot there is the
risk that the selected binding sequence(s) used in the computer-based design may contain
relatively infrequent alleles, As aresull, the active sequence designed might be expected to
provide the required benefit in only a small proportion of individuals. The frequency, nature and
position of most variants (often referred to as single nucleotide polymorphisms (SNPs)) are
easily accessible to those trained in the art. In this respect, sequences wilh a target molecule that
are known to be highly polymorphic can he avoided in the selection of binding sequences during
the bioinformatic screen. Alternatively, a limitless number of sequences available for any
particular targel may be used in the design stages of an interfering RNA of the invention to make
suré that the targeted binding sequence is present in the majority of allelic variants, with the
exception of the situation in which targeting of the allelic variant is desired (that is, when the
allelic variant itself is implicated in the disease of intcrest). . 4

A “larget RNA molecule” comprises at least one targeted hinding sequence that is
sulficiently complementary Lo the guide sequence of an interfering RNA molecule of the
inventinnfo allow stable interaction of the binding séqucnce wilh the guide sequence. The
targeted binding sequence ¢an be refined to include anry part of the transcript sequence (eg
5'UTR, ORF, 3'UTR) based on the desired effect. For example, translational repression is u
frequent mechanism operating in the 3’UTR (i.c. as for microRNA). Thus, the targeted binding

sequence can include sequences in the 3' UTR for effective translational repression.
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"I'he “targeted binding sequence”, “binding sequence”, or ‘larget sciuence” shall all mean
a portion of a target RNA molecule sequence comprising a seed sequence and the sequence
flanking either one or both ends of the seed, satd _binding sequence predicted (o a form stable
interaction with one strand of a multiturgeting interfering RNA of the invention based on the
complementarity between the said strand and the bindingiseqt.lence.

" Asused herein the term "seed" or “seed sequence” or “seed region sequenee” refers to'a
sequence of at least about 6 contiguous nucleotides present in a larget RNA that is completely
complementary to a porlion of one strand of an interfering RNA. Although 6 or more contiguous
buses are preferred, the expression “about 6" refcts 1o the fact that windows of at least 5 or more
contiguous bases ot more can provide usetul candidates in some cases and can ultimately lead to
the design of usceful interfering RNAs. Thus, all such seed sequences are contemplated within
the scope of the instant invention. ’

As used herein, the term “interfering RNA” or “IRNA” is used to indicate single or
double stranded RINA molecules that modulate the presence, processing, transcription,
translation, or half-life of a target RNA molecule, for cxample by mediating RNA. intcrference
{"RNAi"), it a sequence-specific manner. As used herein, the term “RNA interference” ar
“RINAI” is meant to be cquivalent o other terms used to deseribe sequence specific RNA
interference, such as post-transcriptional gene silencing, translational inhibition, or epigenetics.
This includes, for cxample, RISC-mediated degradation or translational repression, as well as
transcriptional silencing, altered RNA editing, compelition for binding 0 reQululory proteins,
and alterations of mRNA splicing. Tt also sncompasses degradation and/or inactivation of the
target RNA by other processes known in the art, includin g but not limited to nonsense-mediated
decay, and translocation to P bodies. Thus, the interfering RNAs provided herein (e.g.
CODEMIRs and VIROMIRs) may exert their functional effect via uny of the foregoing
mechanisms alone, or in combination with one or maore other means of RNA modulation known
in the art. The interforin g RNAg provided herein can be used to manipulate or alter the genotype
or phenotype of an organism or cell, by intervening in ecllular processcs such as genetic
inprinting, transcription, translatidn, or nucleic acid processing {e.g., transamination,
methylation, ete.).

The terrn “interfering RNA” is meant Lo be equivalent to other terms used to describe

nueleic acid molecules that are capable of mediating sequence specific RNAY, for example short

Y
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interfering RNA (siRNA), double- stranded RNA (dsRNA), micro-RNA (miRNA), short huirpin

RNA (shRNA), short interfering oligonucleotide, short interfering nucleic acid, short interfering

madified oligonucleotide, chemically-modified siRNA, post- transcriptional gene silencing RNA

(ptgsRNA), and others.

) The “interfering RNA” cun be assembled from two separate oligonucleotides. The
“interfering RNA" can also be assembled from a single oligonucleotide, comprising self-
complementary regions linked by meuns of a nucleic acid based or non-nucleic acid-based

linker(s). The “interfering RINA" can be a polynucleatide with a duplex, asymmetric duplex,

* hairpin or asymmetric hairpin secondary structure, having self-complementary regions.” The

“interfering RNA” can also be a single-stranded polynucleotide having one or more loop
structures and a stem comprising self- complementary regions (c.g. short hairpin RNA, shRNA),
wherein the polynucleotide can be processed either in vivo or in vitro to generate one or more
double stranded interfering RNA molecules capable of mediating RNA inactivation. The
cleavage of the self-paired region or regions of the single strand RNA to generate double-
stranded RNA can ocour in vitre or in vive, both of which are cbntemplated for use herein.

As used herein, the “interfering RNA” need not be limited 1o those molecules containi ng
only RNA, but further encompasscs those possessing one or more modified ribonucleotides and
non- nucleotides, such as those described supra.

~ The term “intcrfcﬁ ng RNA” includes double- stranded RINA, single-stranded RNA,
isolated RNA such as partially purified RNA, essentially pure RNA, synthetic RNA,
recombinantly produced RNA, as well as altered RNA that differs from naturally occurring RNA
by the addition, deletion, substitution and/or alteration of one or more nucleotides. Such
allerations can include addition of non-nucleotide materiul, such as to the cud(s) of the
multitargetin gAinter‘r'erin g RNA or internally, for example at onc or more nucleotides of the RNA.
Nucleotides in the RNA molecules of the instant invention can also comprise non-standard
nucleotides, such as non-naturally occurring nucleotides or chemnically synthesized nucleotides
or deoxynucleotides, These altered RNAs can be referred to as analogs or analogs of naturally
occurring RNA. ‘

The interfering RNA of the invention, also termed “multitargeting interfeting RNA™ is an
interfering double-stranded RNA, each strand of which can form stable interactions with binding

sites present in distinct genetic contexls on one or more target RNA molecules. Examples of the

-5



WO 2007/056829 PCT/AU2006/001750

J&J 5207

multitargeting imerfcring RNA include CODEMIRSs, COmputalional}y~-DEsiQuccl, Multi-
targeting Interfering RNAs, and VIROMIRs, where the latter multitargeting inlérfering RNA
molectles are preferentially rargeted to viral targets.

“Sequence” means the lincar order in which monorers occur in a polymer, for example,

5  the order of amino acids in a polypeptide or the order of nucleoldes in a polynucleolide.

A “suhject” as used herein, refers to an organism to which the nucleic acid molecules of
the invention can be administered, A subject can be an animal or a planl, preferably a mummal,
most preferably a human, who has heen the object of treatment, obscrvation or cxperiment, or any
cell thereot’

10 A "vector" refers to a nucleic acid molecule capable of transporting another nucleic acid
10 which it has been linked. One type of vector is 4 "plasmid”, which refers to a circular double
stranded DNA loop into which additional DNA segments cun be inserted. Another type of
vector is a viral vector, whercin additional DNA scgmenls can be inserted. Certain vectors are
capable of antonomous replication in a host cell into which they are intréduced (e. g., baclerial

15 vectors having a bacterial origin of replication and cpisomal mammalian veetors). Other vectors
(e.g., non-gpisomal mammalian vectors) are integrated into the genome of a host cell upon
introduction into the host cell, and thereby are replicated along with the host genome. Motcovet,
cerlain veclors, expression vectors, are capable of directing the expression of genes to which they
are operably linked. ‘ '

20 Asg used herein, "modulate (or modulation of) the expression of an RNA molecule”
means any RNA interference mediated regu]aticm. of the Tevel and/or biclogical activity of the
RNA molecule. 1t includes any RNAi-related post-transcriptional gene silencing, Sﬁ(zh as by
cleaving, destabilizing the target RNA molscule or preventing their transfation. In one
cmbodiment, the term "modutate” can mean "inhibit," but the use of the word "modulate” is not

25 . fimited to this definition. The modutation of the target RNA molecule is determined in a suilable
expression system, for example in vive, in one or more suitable cells, orin an ace]lulm' or in vitro
expression system such as are known in the art. Routine methods for measuring parameters of

‘lhe trunscriplion, ranslation, or other aspects of expression relating to RNA molecules are
known in lhe art, and any such measurements are suitable tor use herein,

30 By "inhibit", "down-regulate”, "reduce”, or “decrease” or “decreasing” as with respect to

atarget RNA or its expression it is meant that the expressiou of the gene or level und/or

T
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- biological activity of target RNA molecules is reduced below that observed in the absence of the
nucleic acid molecules (e.g., mﬁltitargcting interfering RNA) of the invention. In one
embodiment, inhibition, down-regulation or reduction with & multitargeling interfering RNA
molecule is greater than that observed in the presence of un inactive or attenuated molecule. In

5  another embodiment, inhibition, dowh~ regulation, or reduction with a multitargeting interfering
RNA molecunle is greater than that obschd in the presence of, for example, multitnrgetiﬁg
interfering RNA molecule with scrambled scquence or with mismalches. In another embodiment,
inhibilion, down-regulation, or reduction of genc cxpression with a nucleic acid molecule of the
instant invention is greater in the presence of the nucleic acid molecule than in its absence.

10 "Inhibit", "down-regulate”, "reduce", or “decrease™ as with respect to a target RNA or its
expression chcompasscs, for example, reduction of the amount or rate of transcription or
translation of a target RNA, reduction of the arnount or rate of uctivity of the tax‘gef RNA, and/or
i combination of the foregoing in a selected expression system. The skilled artisan will
appreciate that a decrease in the total amount of transcription, the rate of transcription, the total

15 amount of translation, or the rate of translation, ar cven the activity of an encoded gene product.
are indicative of such « decrease. The “uctivity” of an RNA refers to any deteetable effect the
RNA may hitve in a cell or expression system, including for cxample, any effect on transcription,
such as enhanecing or Suppi'essillg transcription of itself or another RNA maolecule. The -
measurcment of a “decrease” in expression or the determination of the activity of a given RNA

20 can be performed in vitro or in vive, in any system known or developed for such purposcs, or
adaptable thereto. Preferably the measurement of a “decrease” in expression by a particular
itilcrfering RNA is made relative Lo a control, for exmﬁplc, in which no interfering RNA is used.
In smﬁc comparative cobodiments such measurement is made relative to a contro] in which
same other interfering RNA or combination of interferitig RNAs is used. Most preferably a

25 change, such as the decrease is statistically significant hased on a geners)ly accented test of
statistical significunce. However, because of the large number of possible measures :und the need
for the ability to rapidly screen candidate interfering RNAs, it is contemplated herein that a given
RNA need only show an arithmelic decrease in one such in vitre or in vivo assay to be
considered (o show a “decrease in expression” as used herein. ‘

30 More particularly, the biological modulating activity of the multitargetin g interfering

RNA is not limited to, or necessarily reliant on, degradation or transtational repression hy
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conventional RISC protein complexes involved in siRNA and microRNA gene-silencing,
respectively, Indeed, short double-stranded and single-stranded RNA have been shown to have
other possible sequence-specific roles via alternalive mechanisms. For example, shorl double-
stranded RNA (dsRNA) specics may acl as modulatory effectors of differentiation/cell activity,
possibly through binding to regulatory proteins (Kuwabary, T.; et al,, (2004), Cell, 116: 779-93).
Alicrnatively, dsRNA may lead to the degradation of mRNA through the involvement of AU-

tich element (ARE)-binding prc')lcins (Fing, Q., et al., (2005), Cell, 120: 623-34). Further, .
dsRNA may also induce epigenetic transeriptional silencing (Motrris, K.V, et al., (2004) Science,
305:1289-89). Proccssing of mRNA can also be altered through A to I editing and modified
splicing.

As used herein, “palindrome” or “palindromic sequence” means a nucleic acid sequcﬁcc
that is completely complementary lo a second nucleotide sequence that is identical to the nucleic
acid scquence, e.g., UGGCCA. The term also includes u nucleic acid molecule comprising of
two nueleotide seguences that are palindromic sequences.

"Phenotypic change” as used herein refers to any delectuble change Lo a cell or an
organism that occurs in response to contact or treatment with a nucleic acid molecule of the
invention. Such detectable changes include, but are not limiwd to, changcs'in shape, size,
proliferation, motility, protein ex.pression or RNA expression or other physical or chemical
chaﬂges as can be assayed by methods known in the art. The detectahle change can also include
expression of reporter genes/molecules such as Green Fluorescent Protein (GFP) or various tags

that are used to identify an cxpressed protein or any other cellulur ct)mpuhent that can be

assayed.

The term “therapeutically effective amount” as used herein, means that amount of active
cotmpound or pharmaceutical agent that elicits the biological or medicinal response in a tissue
system, animal, human, or plant that is being sought by a researcher, velerinarian, madical doctor
or other clinician, which includes ameliorating or alleviation of the symptoms of the disease or
disorder being treated. Methods are known in the art for determining therapeutically elfective
doses for the instant pharmaceutical composition.

‘The term “prophyla&:tically effective amount” refers to that amount of active compound
or pharmaceutical ugent that inhibits in a subject the onset of a disorder as being sought by a

rescarcher, veterinarian, medical doctor or other clinician,
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In general, the interfering RNAs known to one of ordinary skill in the art are double-stranded
polynucleotide molecules comprising two sclf-complementary strands which are sense and
antlisense to the target. The iRNA duplex is usually designed such:that the antisense (guide)
strand is preferentially loaded into the RISC and guides the RISC-mediated dégrad‘ation of the
turget nucleotide sequence following complementary base-pairing. The sense (passenger) strand
miy be degraded in the processlof' loading into the RISC complex or soon after by endanucleascs
(0 which single stranded RNA is hi ghly sensitive, The rehtive thermodynamic characteristics of
the 57 termini of the two strunds of an interfering RNA delennine whether a strand serves the
function of a paésenger or a guide strand during RNAI,

The present invention provides a multitargeting interfering RNA molecule comprising
two strands, each 01" which is designed against 4 specific target sequence. The JRINA duplex is
designed in such a mantier that cach strand can beé louded into RISC complexes and thus both
strunds function as “guide” strands. Preferably both strands are loaded to an approximately equal
exlent inlo RISC complexes. One strand is at least partially complementary to a first portion of a
targel RNA binding sequence, which is also refetred o as the seed. The other strand compriscs a
sequenec which is al least partially if not completely identical to the sced, this seyuence being at -
least partially complementary to the first portion of a sccond target RNA binding sequence. The
said first and sccond target binding sequences are present in distinct genctic contexts in at teast
one pre-selecied target RNA molecule. That i is, multiple target RNA binding sites may be present
on the same target RNA molcculu on separate RNA molecules, or both.

In one general aspect, the present invention provides a multitargeting interfering RNA
molecule cotuprising Formula (£): '

3Sp-XSY-3
3X5Y p-5

In Formula (1), p consists of a terminal phosphate yroup that can be present or ahacnt

from the §-cnd of either sirand. Any terminal phosphate group known o a person skilled in the

att can be used. Such phosphate group includes, but is not limited to, monophosphate,

“diphosphate, triphosphate, cyclic phosphate or to a chemical derivative of phosphate such as a

phosphate cster hinkage.
In Formula (1), 8 consigis of a Grst nucleolide sequence of a fength of about 5 10 about 20

nucleotides that is completely complementary to a first portion of « first binding sequence, and

N, Ty D
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~§" consists of a second nucleotide sequence of a length of about 5 to about 20 nucleotides that is

completely complementary to u first portion of a sccond hinding sequence, wherein said first and

second binding sequences are present in distinet genctic contexts in at least one pre-selecled

“target RNA molecule, and wherein S and §° arc at least substantially complementary to each

other but are not palindromic.

In particular embodiments, S and 8’ cach has a length of, for example, 5, 6,7,8,9, 10,
i1, 12,13, 14, 15, 16, 17, 18, 19, or 20 nucleotides that are at least partially, preferably
completely, complementary Lo the first portion of the at least two binding sequences. In one
embodiment, S is completely complcmcntat;y 10 a Sequence present in one or more pre-selecled
target RNA molecules, Tn another embodiment, 8° is complelely complementary o a sequence
present in onc or more pre-selected target RNA molecules. In particular cmbadiments, § and 8
are completely complementary to each other. .

In certain embodiments, S is partially complementary to a first portion of a binding
sequence present in one or more pre-sclected target RNA molecules, such as 6 of 7, 70l 8, 8 of
9,90 10,1001 11,11 0of 12, 12 0f 13, 13 of 14, 14 of 15, or 15 of 16 consecutive nucleotides of
8 ure completely complementary to the first portion of at feast one turgel RNA binding scquence,
in other embodiments, S and the first portion of the distinct binding sequences have lesser
overall complementarity such as 10 of 12, 11 of 13, 12 of 14, 13 of 15, or 14 of 16 nucleotides of
complete complementarity. Si m-ilarly, in certain embodiments, S’ is partially complementary to
a first portion of a second binding site. '

The remaining seyuence of the two strands of the multitargeting interfering RNA (X, X,
Y und Y") in Formula (T} is independently absent or consists of a nucléolide sequence. In
parlicularlcnﬂ)odi ments, they are developed so as to generale fusther binding to the target RNA
sites. In one embodiment,' the sequences of X and Y are at Icast partially complementary to the
second pbrtions of the first and sccond target RNA binding sequences, respectively. In one
embodiment, the sequences X’ and Y are cqmpleiely complementary to X and Y, respectively,
such that XSY and Y'S'X’ arc completely complementary. In an additional embodiment, X and
Y are incompletely complementary with X and Y°, respeclively such that XSY and Y'8'X" are
incompletcly complementary. This may be required, for example, in situations in which the
Joadi ng bias of the interfering RNA duplex necds to be alicred through the use of mismatches in

the extremity with Lhe higher hybridization cnergy.
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In a further embodiment, the sequences X and Y* are designed 8o as to maximize binding

of X8 and Y'8” to the first and second portions of a plurality of target RNA binding sites. In this

- siteation, the plurality of target sequences (e.g. viral isolates) can be examined in order to

gencrate a number of identity consensus sequences corresponding to the second portion of the
plurality of target RNA sequences. These identily consensus scquences can be generated by
hand by examining the alignments of the target RNA sequences. Alwernatively, all possible buse
sefuences or a subset of putative XS and Y 8" sequences can be guu,ratcd by computer
algorithm. Each putalive XS and Y'S" scquence is then hybridized in silico using RNAhybnd or

a similar program known (o one skilled in the art. Thosc putatlve sequences that are predicted to
best bind the corresponding first and second portions of the target RNA binding siles are then
prioritized for the next design phhse, which includes filtering out putative sequences that have
unfavorable characteristics such as more thuan 4 contiguous C or G bases,

In a preferred embodiment, the sequences of Y and X’ are then designed such that they
are at least partially complementary to Y" and X, respectively. Overhangs, it required may
simply be the addition to X' und Y of UU, dTAT or any other base or modified base. In one
embodiment, the bases of the overhangs are selected so as to further increase the predicted
binding of XSY and Y'8'X" 10 their respective RNA targets. Overhangsmay be 1,2, 3,4 0r 5
buses as Tequired, .

In an interfering RNA of the invention, a preferred embodiment is one in which the two
strands of the duplex independently huve either partial or complete complementarity to their
corresponding at leasl.une targel sequence and the two strands are completely complementary to
one another, exvepting the overhangs when present. Another embodiment of the invention is one
in which each of the rwo strands of the duplex independentty have either partial or complete
complementary to their coﬁesponding al least one target sequence and the two strands are
incompletely c‘.nmpiemﬁnlary lr ome another. Both strands can be modified and refined to
enhance some aspeet of the function of the interfering RNA molecule of the invention. For
example, various phdrmacophonm dyes, markers, ligands, conjugates, antibodies, anti }:,em,
polymers, peptides and other molecules can be convemently linked to the molecules of lhe
invention. The interfering RNA can further comprise one or more 5° terminal phosphate group,
such as a 5'- phosphate or 5',3"- diphosphate. These muy be of use 10 improve cell uptake, -

stahility, tissue targeting or any combination thereof,

T
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In another embodiment, X consists of a nuclcotide sequence that is at teust purtially
complementury to a secand portion of the first binding sequence, suid second porlion is 'adjucént
to und connected with the 3’-end of said first portion of the first binding sequence, and wherein
X' is substantially complementary to X. In a particular embodiment, X and X° are completely
complementary to each other. In another particular ernbodiment, X is completely
complementury to the second portion of the first binding sequence. '

In yet another embodiment, Y’ consists of a nucleotide sequence that is at least partially
complementury to a second portion of the second binding sequence, said second portion is
adjacent to and connected with the 3’-end of said first portion of the second binding sequence,
and wherein Y is subslantially 60n1plemenlz&y to Y'. In a particular embodiment, Y and Y are
completely complementary to cach othor. In another particular embodiment, Y’ is completely
complementary to the second portion of the second binding sequence.

In Formula (I), XSY is at least partially complementary (o the first binding sequence to
allow stuble interaction of X8Y with the first hinding sequence, and Y’'S'X” is at least partially
compicumnlary to the second binding sequence to allow stable interaction with the second
binding sequence, and XS8Y and Y'$'X are at least partially complementary to cach other to
allow formation of a stable iRNA duplex. In a particutar embodiment, XSY is completely
complementary to the first binding scquence. In unother embodiment, Y'S'X" is completely
complementary to the sceond binding sequence. In yet another embodiment, XSY and Y'S'X"
are completely complementary to each other, '

In un embodiment of the present invention, each strand of & multitargetin g interfering
RNA molcenle of the invention is independently about 17 to about 25 nacleotides in length, in
specific embodiments about 17, 18, 19, 20, 21, 22, 23, 24, and 25 nucleotides in length, Using
shorter length interfering RNA molecules without the need for the generation of multiple active
sequences through processing of RNA by enzymes such as Dicer and RINaselll, provides |
advantages, for cxwmnple, in reduction of cost, manufacturing, and chance of off;lzirget elfects.

The tnteraction between the (wo strands can be adjusted to improve loading of both
strands into the cellular RISC complex (Khvorova et al. (2003) Cell, 115: 209-16; Schwurz el al.
(2003) e, 115: 199-208), or (o otherwise improve the functional aspects of the mterlering
RNA, ‘The skilled artisan will appreciate that there axe routine methods for altering the strength

and other properties of the base paired strands through the addition, deletion, or substitution of
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one or more Bascs n either strand of the synthetic d‘uplex. In pmiéular ag one cxample, these
strategies can be applied to the design of the exrremities of the dupiex to ehsure that the
predicted thermodynamics of the duplex are conduci ve to the loading of the desired strand.
These strategies are well known to persons skilled in Lhe art.

It is also contemplated herein that a single-stranded RNA molecule comprises, for
example, a haitpin loop or similar secondary structure that allows the molecule 10 sell-pair to
form at least a region ol double-stranded nucleic acid of Formula (1),

The skilled artisan will ‘;tppreciate that the double-stranded RNA molecules provide ‘
cerluin advantages for use in therapeutic applications. Although blunt-ended molecules are
disclosed herein for certain embodiments, in various other cmbodiments, overhangs, for cxample
of 1-3 nucleotides, are present at cither or both termini. In some embodiments, the overhangs are
2 or 3 bases in length. Presently preferred overhungs include 3"-terminus UU overhangs (3'-UU)
in certain embodiments. Other overhangs exemplified for use herein include, but are not limited
1o, 3'-AA, 3'-CA, 3"-AU, 3°-UC, 3'-Cl, 3'-UG, 3°-CC, 3’-UA, 3°-U, and 3’-A. Still other
either 5°-, or more preferably 3°-, overhangs of various lengths and compositions are
contemplated for use herein on the RNA molecules provided.

In certain emhodiments, the multitargeting interfering RNA molecule of the invention:
compriscs one or more terminal overhangs, for example, an overhang consisting 1 to 5
nucleotides, In other embodiments, the multi targeting interfcring RINA molecule of the invention
comprises at lcast one moditied ribonucleotide, such as one 2°-0-methyl ribosy) substitution.

In certain embodiments at least one target RNA molecule is an.mRNA. More
specifically, in some embodiments at least one target encodes i receptor, cytoking, transceription
factor, regulatory protein, sighaling protein, cytoskeletal protein, ransporter, enzyme, hormone,
or antigen. As such, the potential range of prolein lurgets in the cell {s not limited, however the
skilled artisan will appreciate that certain targets are more likely to be of value in o partienar
discase slate or process. In addition, the skilled artisan will appreciate that target RNA
molecules, whether coding or regulalory, originating from a pathogen (e.g. a virns) are useful
with the multitargeting interfering RNAs und methods provided herein.

In one embodiment, at Teast one of the binding sequences is in the 3" UTR of an mRNA.

The inclusion of one target or more targels does not preciude the use of, or intention for,

a particular interfering RNA (o target another seleeted turget. Such targeting of any additional
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RNA target molecules may result in less, eilual ot grealer effect.in 'an eXpression sysiem.
Notwithstanding the loregoing, the multitar gctmn interfering RNAs of the i instant invention are
preferably screened for off-target cffects, efcpecmﬂy those that arc likely. For cxample,
reviewing the potentizl binding to the entire transeriplome, or as much of it as is known at the
tirne provides a useful approach to such screéning, For example, where a genome hus been
completely sequenced, the skilled artisan will appreciale that the entire transcriptome can be
conveniently screened for likely off-lurget effects. In cuses for which local delivery of

- multitargeting interfering RNA is anticipated, specialized tissue-spccil‘ic wanscriptomes (eg
retina for ocular applications) may be tnore relevant because non-targel transeri pts that are
identificd through bioinfortatic approaches from the complete transcriptome may actually not
be present in the tissue into which the multitargeting interfering RNA is applied.

In one embodiment, the two strands of a multitargeting interfering RNA of the invention
form stable interaction with at Teast two distinet largeted hindiug' sequences present in distinet
genetic contexts on a single target RNA molecule, and thus modulates the expression or activity
of the RNA molecule. Turgeting multiple binding sitcs on a single target RNA molecule with a
single iRNA provides more effective RNAi of the targel RNA molccule. This approach is
particularly useful for the modulation of virus gene expression where the mutation rate is high. -

In another embodiment, the two strands of a multitargeting interfering RNA of the
invention form stable interaction with at least two binding sequences present in distinct genetic
conlexts on multiple pre-selected target RNA molccules, and thus modulates the éxpression or
activity of multiple pre-selected target RNA moleculcs, ‘Turgeting tultiple target RNA

molecules wilh u-single iRNA represents an alternative 10 the prototypical one drug onc target

approach. In considering the complexity of biological systems, desi gning a drug selective for

multiple targets will lead to new and more effective medications for u vari ety of diseases and
disorders. )

In specific embodiments, RNA molecules that arc involved in a diseuse or disorder of a
biological system are pre-selected and targeled by a mul tilargeﬁng interfering RNA molecule of
the invention. The biological system can be, for example, a plunt, or an animal such as arat, a
mouse, a dog, a pig, a monkey, and a human. The pre-selected target RNA molecules can, for
example, encode @ protein of 2 class selected frow the group consisting of receplors, cytokines,

ranseription i'dctms regulatory proteins, si gnalmg proteins, cytoskeletul proteins, trunsporters,
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cnzymes, hormones, and antigens. The pre-selected warget RNA molecules can, for example,
encode a protein selected from the group consisting of ICAM-1, VEGH-A, MCP-1, [L-8, VEGF-
B. IGF-1, Gluctp, Inppll, bFGF, PIGF, VEGF-C, VEGF-D,‘B—catenin. x-ras-B, x-ras-A, EGFR,

- and TNF alpha. Therefore, the multitargeting interfering RNA molecule of the invention can, for

exz&nple, modulute expression of iny combination of ICAM-1{, VEGF-B, VEGF-C, VEGF-D,
IL-8, bFGF, PIGF, MCP-1 and IGF-1, any combination of ICAM-1, VEGF-A and IGF-1, any
combination ol B-catenin, x-ras, and EGFR, both 1CAM-1 and VEGF-A, or both (3luctp and
Inpﬁll, in a biological system, such as an animal.

The pre-selected Lirget RNA molecule can also be a viral RNA, including a viﬁtl RNA
encoding a protein essential for the virus, Such cssential proteins can, lor example, be involved
in the replication, transcription, translation, or packaging activity of the virus. Excmplary
essential proteins for a HIV virus are GAG, POL, VIF, VPR, TAT, NEF, REV, VPU and ENV,
all of which can be a pre-selected target molecule of the invention. The mu]titargétin g -
interfering RNA of the invention can be used to modulate viral RNA from, including but not
Hiited 10, a human immunodeficiency virus (HIV), a hepatitis C virus (HCV), an influenza
virtug, a rhinovirus, and a severe acute respiratory syndrome (SARS) virus or a combination
thercof, '

In some embodiments, the multitargeting interfering RNA of the invention are designed
to target one or more target RNA molecules ‘in a first biological system and OnE OF IMOTE target
molecules in a second biological system that is infectious to the first biological system. Tn
particular ¢inbodiments, the multitargeling interfering RNA of the invention are designed to
target one or more host RNA molceutes and onc or more RNA molecules of a virus ora
pathogen for thé host. In particular embodiments of the invention, the viral RNA is HCV or HIV
and the host target RNA includes, but is not limited to, TNFalpha, LEDCGF(p73), BAF, CCR35,
CXCR4, furin, NFkB or 8TATI.

In particalar cmbodiments of the invention, specilic multitargeting interfering RNA
molceules are pt'OﬁdCd in the TIxamples that are funclional aguinst specific turgets, These
CODEMIRs and/or VIROMIRS are useful for decreasing expression of RNAs, for exﬁmple, their
intended target RNA molecules and data supporting the activity are also provided hereiﬁ in the

working examples. Such molecules, the skilled artisan will appreciate, can target multiple sitcs
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on a single RNA or multiple sités on two or more RNAs und are useful to decrease the
exprévsion of such one or pi‘eﬂ:fahl)( two or tnore such targeted RNASs in an expression systen
In some embodiments, a given multitarpeting interfering RNA will be more effective al
modulating expression of onc of several target RNAs than another. In other cascs, the
mullitargeting interfering RNA will similarly alfect all targets in one or more expression
systemns, Various factors can be responsible for causing variations in silencing or RNAI
efficiency: (i) asymmetry of assembly of the RISC causing one strand to enter more elficiently
into the RISC than the other strand; (if) inaccessibility of the targeted segment on the target RNA
molecule; (iii) a high degree of off-target activity by the inlérfen‘ng RNA; (iv) sequence-
dependent variations for natural processing of RNA, and (v} the balance of the structural and
kinetic effects described in (i) to (iv). See Hos_sbach' et al_ (2006), RNA Biology 3: 82-89. In
designing a multitargeting interfering RNA molecule of the invention, special attention can be
given to each of the listed factors to increase or decrease the RNAI efficiency on a given turget
RNA moleculs, t
Another general aspect of the invention is a method for designing a multitargcting
interfering RNA, The method of the invention includes various meuns leading to a
multitargeting mterfering RNA that effectively target distinet binding sequences present in
distinct genetic contexts in one or inore pre-selected target RNA molecules. In one embodiment,
a multitargeting interfering RNA can be designed by visnal or computational inspection of the
sequences of the target molecules, for example, by comparing target sequences and their
complements and identifying sequences of length » which occur in both the target scquence und
the complement of the target sequence sets. In another cbodiment, » multitargeting interforing
RINA can be designed by visual or compulational inspection of the scquen.ces of the target
molecules to find occurrences of the sequence of length » and of its complewe complement within
the sct of Larget sequences. Altématively, all possible sequences of o pre-selected Iength i1 can he
generated by virtae of cach permutalion possible for each nucleotide position to a given length
(4") and then examining for their occurrence in the pre-selecled nucleotide sequences and their
complements. Ahliernatively, all possible sequeﬁces of a pre-sclected length n and their complete
complements can he generated by virtue of each permutation possible for each nucleotide
position o a given length (4 and then cxa;hining for their occurrence in the pre-selected

nucleotide sequences.

--3G--
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In one embediment, when there is a pluarilty of targel sequences; a multitargeting

interfering RNA can he desighed by visual or compulational inspection of the sequences of the

target molecules, for example, by aligning sequences and visually or computationally finding

consensus target sequeaces for the design,

For both strands of a given multitargeling interfering RINA molecile of the invention to

be active, the rational desigh process requires that each strand be capable of modulating

expression of its intended target (i.c. cach strand is “uctive” against its target RNA, e.g. by

having at least partial complementarity thercto) while simultaneously requiring that each of the

strands is at least sufficiently complementary to the other that a duplex cun form. In essence

there is no strund which is solely a guide strand or solely a passenger strand because each sirand

serves as both guide strund and pussenger strand. The skilled artisan will also appreciate that

such moleeules can be designed as single strunds with hairpin structures that can, for example, be

processed in vive to become a duplex consisting of two sepurale strands.

In an embodiment, the invention provides a method for designing a multitargeting

interfering RNA molecule, comprising the steps of:

)
b)

<)
d)

&)

1y
8)

selecting one or more target RNA molecules, whercin the modulation in expression of the
targel RNA molecules is desired; '
oblaining at least one nucleotide sequence for each of the target RNA molecules:
selecting a length, n, in nucleotides, for 4 seed sequence, wherein n = about 6 or more;
obtaining a collection of candidatc sceds of the length n [rom each nucleotide sequence
obluined in step b), wherein a candidate seed and its complete complement are not
palindromic, und the candidate seed occurs at feast once in one or more of the nucleotide
sequences obtained in slep b), und its complete complement occurs at least once in one or
maore ox‘ the nucleotide scguences ohtained in step b);

delermining the genetic context of each of the candidaie sced and its complete
complement, by collecting, for each occurrenee of the candidate seed and its complete
complement, a desired amount of the flanking sequences;

selecling a seed of the length n from the group of candidate sceds;

selecting a first consensus target sequence, which comprises the seed and a consensus 37-

flanking sequence to the seed determaned from the sequences obtained in step b);

N
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h) selecting a second consensus target sequence, which comprises the complete complement
of the seed and a consensus 3” flanking sequence to the complete Lomplement of the sced
determined from the sequences obtained in step b):

i) oblaining a first strand sequence, which comprises the first consensus target sequence
sclected in step g) and, adjacent to and conneected with the 3*-end of the first consensus
targel sequence, a complement of the consensus 37 flanking sequence of step h);

J)  oblaining a second strand sequence which comprises the second consensus target
sequence selected In blep h) and, adjacent to and connceted with the 5’—end of the second
consensus largel sequence, a complement of the consensus 3" flanking sequence of step

g), and; ‘ ' ‘

k) designing a multitargeting interfering RNA molecule comprising a first strand havin g the

first strand sequence in step i) and a sceond strand having the second strand sequence

obtained in slep j).

The method further comprise repeating steps g) to k) for cach seed of len gth n selected from
the group of candidate sceds in step 0).

T“he method further comprises the steb of repeating steps ¢) to k) for unother desired secd
length, In one embodi ment, the first scan through target sequences will begin with uny seed
lenglh (e.g. n=9) and subsequent rounds of searching will either increase or decrease Lhe seed
length (e.g. based vn the number of seeds returned in previous scans), A person of otdinary skill
in thelm't will recognize that Lhe number of candidate seeds will increase as the length of the sced
is decreased.

One skilled in the art will realize that finding a candidate seed present in at leust one of
the sclected RNA sequences and in at least one complement of the selected RNA seguences, is
an alternative to finding the candidate seed and its complete complement in the selected RNA
sequences. ‘

- One skilled in the art will recognize that these desigh sicps may be performed in a
dilferent urder to produce an equivalent final product. Also, one skilled in the art will recognize
that some steps can be substitied with allemative procedures that are broadl y equivalent as
shown in the Examples. One ski]ieci in the art will appreciate that the six elements of Formula 1

(X, 8, ¥, X", 8", Y") can be detérmined and assembled in & number of ways.
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Often the preference for designing mullimrgeling interfering RNA molecule of the
invention involves: firstly, identifying the seed and its complement, which occur in different
genetic contexts; secondly, determining XS and Y’8' s0 as to bind to their respective larget RNA
sequences, and then determining X8Y and Y'S’X’ wherein Y is the complement of Y? und X’ is
the complement of X. As an example, X8 may be détenﬁined as lhe é:omplemenl of the seed
(equatés to 8) together with the complement of a portion of the 3° [lanking sequence of the seed
(equates to X). Similarly, Y8’ may be determined as the complement of the complement of the
seed (equates to §') together with the cumplem‘enl of a portion of the 3° flanking scquence of the
complement of the seed (equales to Y'). In cuses in which it is desired to target a plurality of ‘
sequences, the plurality of 3’ flavking scciucnccs may be examined to yield consensus 3°
flanking sequences, X and/or Y’ can then be determined as the complements of these consensus
¥ flanking sequences. Further modifications can be made to the molecule as described in this
specification. 7 .

Preferred target RNA molecules are strategicutly selected molcculeS, for example viral or
host RNAs involved in disease processes, viral genomes, particularly those of clinical
significance, and the like. A detailed discussion of target RNA is provided above and applies
equally to this und other aspects of the invention, as il sct oul in its entirety here. The basis for
the selection of a target RNA molecule will he appreciated by those of skill in the art. Preferred
l;;trgct RNAs are thosc involved in diseases or disorders one wishes to control by the
administration of the multitargeting interfering RNA. 4

‘The step of obtaining the sequences for the selecled target is conducied by obtaining
sequences [rum publicly available sources, such as the databases provided by the National Center
For Bjoiechnology Tnformation (NCBI) (through the National Institutes of Health (NIH) in the
United States), the European Molecular Biology Laboratories (through the European
Rioinformatics Institute thranghout Burape) available on the World-Wide Web, or proprietary
sources such as fee-based databascs and the Jike. Scquences can also be obtained by divect
determination. This may be desirable where a clinical isolate or an unknown gene is fnvolved or
of interest, for example, in a disease process. Rither complete or incomplete sequences of a
turget RNA ixlolccuic can be used for the design of multitargeting interfering RNA of the

wvention.
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Also provided herein are methods wherein a pluﬁnlily of independent turgel nucleotide
sequences are obtained in step b) for cach of une or more turget RNA molecules selected in step
a). The databases deseribed above frequenlly have multiple sequences available for particular
targets. This is especiully true where genetic variation is naturally higher, for example with viral
sequences, In various embodiments, the plurality of target nucleotide sequences represents strain
variation, allclic variation, mutation, or multiple species. The number of such a plurality of
seguences may runge [rom several or a low multiple, to numerous - for example dozens or even

hondreds or thousands of scquences for a given target, It is especially possible to have such

numbers of sequences when working with viral sequences,

The sequences chosen can be further limited based on additional desirable or undesirable
features such as areas of low sequence complexity, poor sequence quality, or those thaf contain
artifacts relating (o cloning or scquencipg such as inclusion of vector-related sequences.
Turthermore, regions wilh exlensive inaccessible secondury structure could be filtered out at thir;
stage. Indced, Luo and Chang have demonstrated that siRNA turgeting accessible regions of
mRNA structure such as loops were morc likely 10 be effective Lhan those aligned with stems
(Luo & Chang, (2004), Biochem. Biophys. Res. Commun., 318: 303-10). The scquences chosen,
however, necd not be Timited to 3'UTR sequences or tegions of low secondary struclure.

The step of selecting a length of n nucleotide bases for a seed sequence is preferably an
itel'zitive process that does not require any particular basis or logic at first glance —i.¢. the starting
secd length may be uny number of buses ubove ubout 6. The longer the length that is chosen for
a sced, the less lkely that it and its complete complement will appear in Lhe al lsast one target
RNA, e.g. in atarget RNA sequence. The shorter the seed sequence length, the more frequently
it will occur as would be expected. Preferably, an iterative proccés is used to find the preferred
sequences [or cundidate seeds as described below. Thus, after a particular value for # is used to
identify candidate scods of length i, another value (e.g. n+/, n-1) will be used and the procass
can bhe repéated to identity candidate seed sequences of length n+-1, -7 and so on.

The seeds are sclected from a pool of “candidate seeds,” also referred to herein us “seed
candidates.” Seed candidates include sequences of a particularly desired or selected Jength cach
of which and its complete complement are not palindromic; and wherein the candidate sced
oceurs al least once in one or more of the nucleotide sequences obtained in step b), and its

cumplete complement oceurs at least enee in one or more of the nucleotide sequences obtained

Y
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*in step b). 'The candidale sceds ave preterably generated by compuler, for example by moving

stepwise along a targel sequence with a “window" (expresscd in terms of a fixed number of
contiguous nucleotides) of the glcsircd or selected seed length. Preferably cach step is a single
hase progression, thus generating a “moving window™ of selected length thirough which cach
target sequence is sequentially viewed. Other step distances are contemplated, however, the
skilled artisan will appreciate that only a step of ane nucleotide will allow the generation of all
possible seeds sequences. '
l;‘articulurly, a collection of candidate seeds of the lenglh n can be obtained by the steps
of: t
) generating a first collection of sequences of the length 2 from each of the
nucleotide sequences chosen for the target molecules, using a method comprising the
steps of:
1) beginning at a terminus ot each of the nucleotide sequence;
2) sequentially obscrving the nucleaotide sequence using 4 window size of n; and
3) slepping along the nucleotide sequence with a step size ol 1;
i1) generating a second colleclion of sequences cach of which is completely
complementary 1o a sequence in the first collection; and
i) obtaining the collection of candidate sceds of the length n from the inspection of
the first and the second collections ol scqitenees, wherein a candidate seed and its
complete complement arc not palindromic, and each of the candidate seed and its
complete complement cach occurs at least once in the nucleotide sequences for the target
moleoules.
n another embodiment, # collection of candidate seeds of the length n can be obtuined by

the steps of:

=
N

oblaining the completely complementary sequence [or each nacleotide sequence
choscn for the target molecules;

i1) generating a first collection of sequences of the Iength n from cach of the
nucleotide sequences chosen for the target moleenles and a second collection of
sequences of the length i from each of the completely com plementary sequences

obtained in step (i), using & method comprising the steps of:

41 -
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' i) heginning al  terminus of the nucleotide sequence of each of the nuclevtide
scquences chosen for the target molecules or euch of the completely complementary
sequences obtained in step (); '

2) scquentially observing the nucleotide sequence using a window size of n; and

3) stepping along the nucleotide sequence with a step size of 1; and
i) obtaining the collection of candidate seeds of the length z from the inspection of
the first and the second collections of sequences, wherein a candidate seed and its
complete complement are not palindromic, und each of the candidate seeds is present in

both the first and the sccond collections of Sequences.

In one embodiment, the method further comprises the step of discarding candidate seed
sequences for which either the seed or its complete complement do not oceur with at least a
predetermined minimum frequency in the target nucleotide sequences.

Preterably the method ultimately chosen will include one or mare of these steps, or all of
them as needecL For example, in one embodiment, the method further comprises the step of
discarding any candidate sced sequence that; is composcd of only a single base, is wmpoqccl
only of A and U, hdb a conseceutive string of 5 or more C or 5 or more (3, is predicled 10 oceur
with unacceplable frequency in the non-target 1.ranscrlptome of interest; is predicted to have a
propensily W undesirably modulate the expression or activity of oné or more ¢ellular component
(eg. W undesirably activate a cellular sensor of foreign nucleic acid), or any combination thereof.

 Seeds then ure selecied from the pool of candidate scquences as the ones where the seed
is present in one genetic context, and its complete complcmcnt.is present in a different genctic
context in the at lcast one pre-selected larpet sequence. Genetic conlexts are determined by

collecting, for each occurrence of the candidate seed sequence, a destred amount of the 5* and 3’

Hlanking sequence. The genetic context of the complement of the sced is determined in a similar

tashion.

In an exemplary process of making a mullitargeting interfering RNA of the invention
when one or both strahds are each required to larget a plurality of RNA sequences (¢.g. multiple
viral isolates), a “consensus target sequence” 1s selected for one or both strands of the interfering

RNA.
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'The term “consensus target sequence” doos not suggest that there is only one best
sequence approximating multiple binding sequences on target molecule(s), rather a population of
one or more alternalive sequences may all be consensus target Requencés.

A first consensus larget sequence for the first strand of the iRNA comprises a sced

sequence and a consensus 3'-flanking sequence (o the sced in at least one of the chosen

~ sequences for the target molecules. A second conscnsus target sequence for the second strand of

the iRNA combrises the complete complement of the seed and a consensus 3° [lanking scquence
to the complete complement of the seed in at lcast one of the chosen sequences for the target
maolecules. o .

The “Conscm;,us 3 ﬁanking sequence” of the seed is reudily derived by visual inspection,
or through the use of bioinformatic tools or calculations, from the cxamination of the genelic
context ot each occurrence of the sced sequence in the sequences of the target molecules. While
the seed portion of the consensus target sequence has complete identity to a corresponding
portion in each of the largeted binding sites, the consensus 3° flanking sequence need not he
completely identical, but can be identical, to the sequence/s tlanking the 3° end of the seed of one
or more of the target sequences. Likewise, the “consensus 3° flunking sequence”™ of the
complement of the sced is readity derived by visual inspection, or through the usc of
bioinformatic tools or calculalioné, from the examination of Lhe genctic context of each
occurrence of the complement of (he sced. While the complement of the seed portion of the
consensus target sequence has complete identity to a corresponding portion in ¢ach of the
targeted binding sitcs, the consensus 3° flanking scquence need not be completely identical, but
can be 1dentical, to the sequence/s {lunking the 3’ end of the complement of the seed.

Preferably, the consensus target sequence does nol include any sequence that is predicied
to have a propensity to undesirably modulate the expression or activity of one or more cellolar
component,

Consensus target sequences may be determined by eye or by algorithm. For example, a
compulter algorithm can be used to score all possible permutations of paired nucleotides in the
posilions in which the sequences are different. This is parlicularly useful when the target
seqbenccs have some identity beyond the seed, but for which an alignment by eye proves
dafficule. This method cun be used to determine the conscnsus target sequence/s, or alternatively,

directly design the strands of the candidate mulliturgeting interfering RNA.

.43 --
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One alternative approach that is‘pmﬁculurly uscful when a large number of target
scquences need to be considered (c.g. when large numbers of nucleotide éequenocs [or viral
isolates are screened) is Lo generate all possible permutations ot the extension from the sced to a
required length, and/or the complete complement of the sced to a required length, thereby
generating the putative Y'S’ and/or X§ of Formula (I) and hybridizing each putative X8 and
Y'§" against the target sequences of interest in silico o determine those which demonstrate the
most favorable properties in tetms of hybridization to the target.

Sequences demounstrating strong binding (Lypically having meun free energics of <-20
keal/mol) are of particular intf;rest for the multilargeting interfering RNA. Regardless of the
flow path of design, the candidate XS and Y'S’ are then prioritized for testing not only on this
basis but also taking into account other features that may be important for the ﬁlﬁctiohality of Lhe
multitargeting interfering RNA (by, for example, use of appropriate penalty terms). This may
involve discarding those putative X8 and Y'S’ sequences which are composed}yof only a single
hase, are composed only of A and U, are predioted (o be involved in substantial intramolecular

base patring, have a conscontive string of 5 or more bascs which are G, are predicted to occur

_with unacceptable frequency in the antiparallel orientation in the non-target transeriptome of

interest; are predicted to have a propensity (o acuvarte d cellular sensor of foreign nueleic acid, or
uny combination thereof. .

In some cases, the addition of one or two nucleotides to the 5 end of the putative XS or
Y’S® that are not complementary to their respective target scquences is considered. This is
particutarly relevant when an otherwise useful XS or Y'$" is (/C rich at the 57 end and this is
predicted (o disfavor loading relative o the other strand. The addition of one or two A/
nucleotides to the 5° extremity of the G/C rich X8 or Y'S’ will most likely promote balanced
loading, which is required for optirbal activity of the multitargeting RNA. Because multiturgeting
interfering RNAx in most ¢ases tolerate mismutches al pasitions | and 2, the addition of this
additional region, which need not be complementary to the corresponding (arget. scquérlces,
turther increascs the flexibility of design. Finally, one skilled in the art will uppreciate that
modifications that disfavor strand Joading could be used on the 5 end of the strand present at the
thermodynamically weaker end of the duplex to further enhance the loading of the opposite
strand. Such modificalions alse include manipulation of the length and composition of the

overhangs. Also, Lthe substitution of U for C in the corresponding strand will at least partially
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rectity strand loading when there is 4 G near the 5 terminus of the XS or Y'S’ by virtue of the

“wobhle base pairing present between U and G, which is weaker than the pairing between C and

G. Substitutions with chemically modified bases such as 2'F, 2°-0-methyl and LNA modified
ribonucleotides increase the cnergy of hybridization of nucleotides with matching bases.
Theretore, the alternative strategy of stren gthening the hybridization of the duplex at the
thermodynamically weaker end with chemically modified bases is also envisaged in this
invention. 4

DNA sequences with stretches of contiguous guanosines are known to produce additional
effects not relaled 1o targeting of mRNA. Although the situation in the casc of RNA is less clear,
most manufacturers recommend not sclecting dsRNA duplexes containing long runs of G lor
their cxperiments. 1t was found in this invention that greater than 4 consecutive G greatly
reduced the acti\;ity of the corresponding CODEMIR (data not shown). Therefure, many seeds
could be eliminaled if a requirement for 5 or morc C is applied. One skilled in the art will

recognize that the presence of 5 or more Cs in a seed will correspond to 5 or more Gs in the

‘completely complementary RNA molecule of the invention.

In another embodiment, the method further comprises the step of discarding any
consensus larget sequence that: is composed of only a single base, is composed only of A.und U,
has a consceutive string of 5 or more bﬂsés which ure C, is predicted to occur with unaceeptable
frequency in the non-targel runscriptome of interest, is predicted to have a propensily Lo
undesirably modulate the expression or activily of onc or more cellular component, or any
combination thercof.

Scan fin g the consensus lurget sequences against a transcriptome of interest for prediction
of off-target effects, und eliminating any sequence predicied to have unacceptable of [-target
cffects on a transcriptome of interest are also useful ways of reducing the number of consensus
target ;f;eqllenf_;i;',g’ and any of the foregoing may he added as a step in the process, -Th practice, it
is prude:ni 1o routinely screen specific designed mnltitargeting interfering RNAg, e.g. |
CODEMIRs, VIROMIRs and the like, for eytotoxicity, due to unlorescen, but problematic, off-
targel cffects. ‘ ‘ A

Any undesirable properties for a therapeutic RNA, as would be understood by those of
skill in the art, can be used as a hasis on which to discard candidate seed sequences, consensus

binding sites or proposed multitargeting inlerfering RNAL
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Like ézmdidatc sceds and seeds, consensas target sequences are intermediates in the
design of a mullilurgeling interfering RNA of lhé invention, In purlik,;ular. the consensus larget
scquences are used (o gencrate the sequences for the first and the second strand of a
multitargeting interfering RNA of the invenlion. The ﬁrsf strand sequence is designed 1o
comprise the first consensus target sequence and a complement of the consensus 3' flanking
sequence of the second consensus targel sequence, which is adjacent to and connected with the
5’-cnd of the first consensus target sequence. In a particular embodiment, the first strund is
designed by extending the first consensus larget sequence in the 5 dircctbn with a complete
complement of consensus 37 flanking sequence of the second consensus target sequence. The
second strand scquence is designed to comprise the second consensus target sequence and a
compiement of the consensus 3’ flanking sequence of the Tirst consensus turget sequence, which
is adjacent to and connected with the 5°-end of the second consensus targel scquence. Ina
particular embodiment, the sccond strand is designed by extending the second consensus targel
sequence in the 5° direction with a complete complement of consensus 3° flanking sequence of
the first consensus larget sequence. ‘ -

In most cases, the overhungs, if required, are considered as part of the hybridization
process. Hybridization is typically examined from a thermodynamic perspective using
RINAhybrid software (Rehmsmeicr ct al., 2004, RNA, 10: 1507-17) or similar algorithm. '

In particular embodiments, X and Y in Formula (I) arc completely complementary to
their respective turget sites, Tn the case in which the X and Y’, by virlue of being simply ‘

complementary o their respective target sites result in very different G/C richness at the two

_ends, then the Toading hias needs lo be reduced by either producing mismatches in either X or

Y, depending on the thermodynamic balance. Alternatively, several chemical modifications {eg
LNA, 2‘()-hxethyl and 2'F can be introduced into the “weak” end of the duplex 1o improve
loading balance. Also. as shown in the Examples, vaiying the length of the overhang may be
used o control the loading balunce of the two strands of the duplex.

- It will be readily appreciated by one skifled in the art that in the case of a double stranded
multitargeting interfering RNA of the invention, ensuring gimilar strand loading of both sirands
is beneficial not only with respect (0 the potency of the moleeule but is also required to obtain
mu]‘t,itargetin g activity. In a preferred embodiment, the multitargeting interfering RNA is

designed such that there is no loading bias, so that hoth strands ¢an load equally.
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Various steps can oplionally be added, individually ot in combination, to further the
ralional proccsr; of designing the RNAs - such as (o reduce the number of sequences unlikely to
work for the intended purpose, o increase the effectiveness of the RNAs, to reduce ofl target
effects and the like. Many of these steps can be automaled, or require only a limited amount of
inpul [rom an operator, though the use of bioinfon;:zllic computer systems, which as the skilled
artisan will appreciate, will facilitate the methods. A

Similar to the situation with antisense, for which it is now recognized that there arc
specific sequences that have a high pmﬁensily Lo activate cellular sensors of foreign DNA, other
Teceptors may detect particular RNA sequences und produce stress responses (for example, see
Sioud, M. (2005), J Mol Riol 348, 1079-1090, Specific “motifs” associated with increased
inflammmutory responses (Hornung, V. et at. (2003) Nar Med 11, 263-270; Judge, A.D. et al.
(2005) Nat Med 11, 263-270) could be casily excluded.

In particular embodiments, the following sequences in the context of Formulu (I) arc
discarded:

& (Qccurrences of greater than 4 contiguous Gs in X8Y or Y'8'X?

= (reatly different G/C frequency in the X and Y regions (by function of duplex,
this meuns also X° and Y") because loading bias is unlikely to be able to be
equalized.

e X8 orY'S’ composed of unly a single base or composed only of A and U or
predicted to occur with unacceptable frequency in a non-target transcriptome of
interest.

«  Where either of the strands are predicted 10 be involved in strong intramolecular
-buse pairing.

s  Where the duplex comprises elements predicted or known Lo have a propensity to

aciivaie a cellufar sensor of forgign nucleic acid.

In certain embodiments, the designed multitargeting iﬁlerfe:ring RNA molecule can be
modificd, for example, 1) 10 improve actual or predicted loading of the strands of the
multitargeting interfering RNA molecule into the RNA induced silencing complex (RISC); ii) to
increase or decrease the modulation of the expression of at least one target RNA moleeule; iii) to

decrease stress or inflammatory response when the multitargeting interfering RNA molecule is
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“adiministered into a subject; iv) (o alter half-life in an expression sysicm Jor v) any combination

of Y10 1v),

The skilled artisan will understand how to modify the RNA molecules cither in the
laboralory, or preferably in silice. In preferred embodiments the modifying step comprises one -
or more ol allering, deleting, or introducing one or more nucleotide bases io crecate at least one
mismaiched basc pair, wobble buse pair, or terminal overhang, or Lo increase RISC mediated
processing. Techniques for doing so are known in the art. Preferably the modifications are at
Icast initially performed in silico, and the effects of such modifications can he readily tested
against cxpcrimentaf purameters 1o determine which offer improved properties of the interfering
RNA products.

Also provided herein are methods that further comprise the step of actually making and
testing al least onc designed interfering RNA ih a suitable cellu!ar expression system. This will
be necessary so as to identify those interfering RNA that have the required or sufficient activity
against the target RNA molecules or that produce the required phenolype in the model system
(eg death of cancer cell, inhibition of angiogenesis, suppression of lesion formation, accelerated
wound healing etc). . .

In a presently prelerred embodiment, the methods, through to the step of actually muking
an RNA, are conducted entirely in silico, or by visual inspection and determinalion. In onc
embodiment the method further comprises the step of choosing a new value for the seed length,
n, und repeating each of the remauining steps. Tt is clear that the method can be iterative and the
benefits of computers for such purposes arc well known. '

As will be uppreciﬁ\cd, large numbers of seeds and thereby potcntiai multitargeting
interferin ¢ RNAs can be generated using the above methodology. While the rules above can be
used to filter potential candidates based on undesirable properties, one skilled in the art will
appreciate that with access to high throughput screening methodologies as well as recent
improvements in qualitly, vost and access to RNA synthesis that testing of large numbers of
candidates can be easily performed to further assist in the development of active multitureeting
interfering RNAs. While the testing of a number of ultilargeting interfering RNAs may be
nceded to identifly those molecules with the grealest efficacy for a desired application; those
skilled in the art of molecuiar biology will appreciate that this work does not amount to undue

experimentation. Thus, it is occasionally preferable to screen significant numbers of candidates
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us opposed Lo prioritizing a few candidates solely on the basis of ulgorithmic design. A
combination of careful in sitico design along with biological testing of candidates can be used to
idenlify cundidates with superior acti\}ity in an efficient manner.

Screens that can be considered for the high throughput assessment of candidates include
reporter assays, multiplexed ELISAs, viral replicon systems, dot-blot assays, RT-PCR etc.

Candidute mullitargeting interfering RNA are routinely synthesized as double-stranded
RNA molecules with 19 bp of complementarity and 3" two nucleotide overhangs. The overhang
c&u be any nucicotides or analogs thereof, such as, for example, d1dT or UU. However, other
types und lenglhs of overhangs could also be considered, as could “blunt-ended” duplexes. In a
preferred cmbodiment, the overhangs arc incorporated a priori into the design by having Y and
X7 being longer than the corresponding X and Y™ hy the length of the required overhangs. 7

When produced by an expression system such as a vector or plasmid, it is possible to
assemble 'multiple multitargeting interfering RNAs into a single therapeutic product. Skilled
artisuns will realize that multiple multitargeting interfering RNAs can be co-expressed by several
strutegies, including but not limited to, expression of individual multitargeting interfering RNAs
from multiple cApression vectors (plasmid or viral), expression from multiple expression
cassclies contained within a single vector, with each expression casselte containing a promoter, a
single multitargeting intorfering RNA and terminator, Multiple multitargeting interfering RINAs
can also he generated through a single polycistronic transeript, which comtains a series of
multitargeting interfering RNAs.

The multiturgeting inlerfering RNAs can be expressed sequentially (sense / intervening
loap / antiscuse) or expressed with the sonse sequenée of each multitargeting interfering RNA
sequentially linked 5 to 37, Joined dircetly or with intervening loop / spacer scqﬁcnce, followed
by the antisense sequence of each multitargeting interfering RNAs sequentially linked 5° to 37,

In the first instance, multitirgeting interfering RNA are typically tested in call éniture
using an appropriate ccll line representative of the largeled tissue. The specific conditions used
are outlined in the specific examples. Multitargeting inlerfering RNA that lead to reduction in
target RNA expression can then be studied further. Specifically, semi-quantitative RT-PCR for -
the target RNA may be performed to establish whether modulation of expression of a larget

RNA is likely to be mediated by degradation. In general, cells arc transfected with the

" multitargeting interfering RNA at a concentration of 5-4Q nM in the culture medium and after 48
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hours, are washed, lrypsinized and harvested for total RNA using a RNeasy kil (Qiagen). RT-
PCR is then performed using primer sets specific for the target RNAs.
Proteomic und microarray experiments may be uscd 1o asscss oft-target effects,

Likewisc, to select active multitargeting interfering RNA with little propensity for activation of

_inpate immune response, analysis of markers of IFN-fesporlse (cg STATI, IFND, IL-8,

phosphoEIF etc) cun be performed on treated cells.

Preferably, the cundidalc multitargeting in'terfaring RINA. are tested for non-specific toxic
cttects by, for example, dircct assays of cell toxicily. Alternatively, in some cascs such.las
cancer, cytotoxicity is the desired outcome and may reflect the successful repression of key
oncagenic signaling pathways. Mullitargeting interfering RNA are additionally assessed for
their ability to repress the f)l'oduclion of specific target proteins. Multitargeting interfering RNA
demonstrating efticacy in this respect are then assessed [or additional cvidence of off-tuargel
cffeets, including arrest of non-target protein production and activation of Protein Kinase R
(PKR) mediated responscs. .

The RNA molccule may be expressed [rom transeription units inserted into vectors. The

-vector may be & recombinant DNA or RNA vector, and includes DNA plasmids ot viral vectors.

The multitargeling interfering RNA molecule expressing viral vectors can be constructed based
on, bul not limited to, adeno-associnted viras, retrovirus, adenovirus, lentivims or al phavirus.
Prcfcra‘r.ily the vector is an expression vector suitable for expression in a mammalian cell.
Methods which are well known to those skilled in the art can be used to construct
expression veclors conlaining a sequence which encodes the mﬁltitargetin g interfering RNA
molecule. These methods include in vitro recombinant DNA techmiques, synthetic techniques
ard I vive recombination or genelic recombination, Such techniques arc described in Sambrook
et al (1989) Moleculur Cloning: A laboratory manual, Cold Spring Farbor Press, Plainview N.Y.
and Asuhel F M el al (1989) Current Protocols in Molecular Bioloﬁy. John Wiley & Sons, New
York N.Y. Suitable routes of administration of the pharmaceutical composition of the present
invention may, for cxample, include oral, rectal, transmucosal, or intestinal administration;
parenteral delivery, including intramuscular, intravenous and subcutaneous injections.
Allernatively, the phanmaceutical composition may be administered in a Tocal rather than
systemic manner, for example, via injection of the pharmaceutical composition directly into a

target organ or tissue, such as intramedullary, intrathecal, dircet intraventricular, intraperitoneal,
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or intraocular injections, often in a depot or sustained release formulution, Intravesicular
instillation and intrunasal/inhulation delivery arc other possible means of local adminisiration as
is direct application to the skin or affected arca, Fx vive applications are also cnvisaged,

Furthcrmore, the pharmaceutical composition of the present invention may be delivered
in a targeted delivery system, for example, in a lipesome coated with tﬁrgel cell-specific
antibody. The liposvmes will be targeted to und taken up selectively by the target céll. Other
delivery strategies include, but are not limited to, dendrimers, polymers, nanoparticles and ligand
conjugates of the RNA. ,

The multitargeting interfering RNA molecule of the invention are added direct] y. or can
be complexed with cationic hpldq, packaged within liposomes, or otherwise dehvm cd to tdr}:,t:l

cells or tissues. The nuc,luc acid or nucleic acid complexes can be locally administered to

relevant lissues ex vivo, or in vivo through injection, infusion pump or stemt, with or without

their incotporation in biopolymers.

Tn another aspect, the invention provides biological systems cbnlaiq.in g one ‘or more
multitargeting interfering RINA molecule of this invention. The biological system can be, for
example, a virus, 2 microbe, a plant, an animal, or u cell. The invention also provides a vector
comprising a nucleotide sequence that encodes the multitargeting interferin g RNA molecule of
the invention. Tn particular embodiment, the vector is viral, for example, derived from a virus
sclected [Tom the group consisting of ant adeno-associated virus, a rctrovirus,l an adenovirus, a
lentivirus, and an alphavirus. The muoltitargeting interfering RNA can be a short hairpin RNA
molecule, which can be expressed from a vector of the invention. 'The invention furher provides
a pharmaceutical composition comprising a multitargeting interfering RNA molecule of the
invention and an acceptable carrier. In particulur embodiments, the pharmauceulical composition
comprises a vector for a multitargeting interfering RNA molecule of the invention.

Tn another general aspect, the present invention provides a method of inducing RNA
interference in a biological system, which comprises (he step of introducin g a mullitargeting
imierfering RNA molecule of the invention into the biological syslem.

The invention further comprises a method of treating a subject, comprising the step of
administering to said subject a therapeutically effective amounl of a pharmaceutical composition
comprising a multilzirgcti ng interfering RNA molcenle of the ittvention. The invention also

provides a method of inhibiting the onset of a discase or condition in 4 subject, comprising
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administering to said subject a prophylactically cffective arnount of a pharmaceutical

" compuosilion comprising a multitargeting interfering RNA molecule of the invention. Methods

are known in the art for determining therapeutically and prophylactically effective doses for the
instant phimnacéuticzd composition. ‘

The éompositions and methods cxemplified herein are of use in the (reatment of compliex
multigenic diseases in which single gene-specilic therapeutics may be at a disadvantage because
of the multiple redundancics in pathuphysiologic signaling puthways. A conscious and
calculated approach is provided in which key signaling protcins/pathways can be simultancousty
targeted with a single agent to generate greatly increased therapeutic polential.

In some cases, the turgets of interest may be al ]Acast partilly controlled by a common
“‘master regulator”. This is usually a lranscription factor. For exmnple, do\&;n-regulation of IL-8
and MCP-1 might be achicvable through targeting the nuclear factor NI;"'kappaB. IMowever, as an
example, this pathway is also involved in the survival of Retinal Pigmented Epithelial cells
(RFE) in times of siress and the down regufation of such a cell-survival lactor would likely lead

to increased death of RPE in diseased eyes. Therefore, the novel approuch disclosed herein has

"the advantage of being amenable to the modulation of speeific targels of interest without having

to identity suitable target “upstream™ pleiolropic controllers.

Application also exists in the treattnent of diseasces characlerized by cellular
heterogeneity. For example, in solid tumours, the presence of mulated genes and activated
pathways may vary widely within the same tumour, between Lumours in the same patienl as well”
as between tumours of a similar histology in different patients, Tn such instances, the A
development of an RNA molecule active against several key pathways may derive synergistic
activity aguinst cells reliant on several of these targeled pathways, However, activity against a
greater proportion of the tamour cells will also be likcly becuusc of the “mulii-targeted” nature
of the RNA molecule of the invenliop. Furthermore, targeling of several key pathways will
“cover” more of the patient population. Hence, improved clinical oulcomes are likely with ‘
treatmnent with the RNA molecules exemplified or taught berein.

In cascs in which RISC is involved in the mechanism of action, the targeling of multiple
discase-reiuled transcripls with a single multitargeting interfering RNA molecule ol the invention

(cg a CODIMIR or VIROMIR) preférably allows full use of uvailable RISC us opposed o the
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administration of multiple siIRNA molecules, which could, in some cases, saturate the available
intracellular machinery,

. Targeting multiple sites within the same RNA target sequence can also be accomplished
with the compositions and methods provided herein. Many humun discases, including cancer
and viral inlcctions, are characterized by RN A targets exhibiting high mutation rutes, This
increases the likelihood of rcsiétance 10 nucleic acid therapeutics urising in these discases, due to
mutation of the target RNA. Targeting multiple sites within the turget RNA decreuases the
likelihood of such resistance arising, since at least two simultaneous mutations would be required
for resistance. In this instance, therefore, the mulli-targeting approach of multitargeting
interfering RNAs (eg CODEMIRS or VIL{OMIRS) is directed (o the generation of multiple hits
against a single target RNA to prevent escape mutants. Targeting of multiple sites within the

- same transcript (eg. as in the case of RNA viruses) may also produce synergistic effects on the

inhibition of viral growth. Further, employing a mechanism or mechanisms requiring only
partial complementurily with the turget RNA can have an advantage in decreasing the possibility
of developing resistunce through point mutation,

The desired targets for uny disease entity may be identificd based on an approach or a
mixwre of approuaches including, but not limited to, validated drug targets from literature and
proprietary target discovery processes. The target genes are then prioritized based on evidence
supporting a key role for their products in the discase procéss of interest.

I some cases, specific attention may need to be paid to the aceuracy and/or relevance of “
the sequence to the discase of interest. For example, in targeting cancer, it is advisable to avoid
mulational “hol-spots™. Also, in some embodiments, selective targeting of a specific splice
variant or isoform may be desired and thus in such embodiments, the turgel scquence used in
multitargeting interfering RNA design is preferably restricted to that isoform or variant present
only in discased tiss.ue. '

The setiuenccs of the turget RNA or RNAs are preferably downloaded [rom public or

proprictary databascs or generated from sequencing cxperiments.
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Exsimgle 1
CODEMIRs to VEGF-A und ICAM-1
Approaches for the design of mulli-targeting of ICAM-1 and VEGF-A with CODEMIRs
were considered. . : '
The entirc mRNA sequence for each of VEGF-A and ICAM-1 was used, These

sequences were searched o find sequences that are present in the coding strand for one target

- and the complement of the coding strand for another target. Here, the sequence 5°-

AGTGACTGTCAC-3' (SEQ ID NO: 1) was identified both in the ICAM-] coding sequence and
in the complement of the VEGF-A coding sequence. This sequence was used to design a
CODEMIR aclive against mulliple targets, using each strand of the CODEMIR to target at least
one of the target RNAs. ‘The sequence identified above and its complement were used as a
centrally-located part of s« CODEMIR duplex. Tiach strand of this central duplex was extended in
the 5° direction to provide full cohplemenlari ty to ’Fhe; comesponding targel, whereas each strand
was exlended in the 3’ dircctin;\ 50 as to be complementary to its opposing strand in the
CODEMIR duplex strand.

The skilled artisan will appreciate that rationally designing CODTEMIRSs requires
designing portions of both strands (as a duplex) together and gradually Iengthening the duplex,
and refining to complete the design. The rational design process can continue after the duplex is

largely complete — as the refineinents may be made to maodify the ends, or to create mismatches

‘or wobble pairings to improve loading or other aspects of functionality.

The length of this central region (12 nt) leads to two possible 21-base duplexes with 3’
double overhungs depending on how the remaining required sequence is divided into the two
sequences surroundin g the seed. Fach of those CODEMIRs is shown in Table 1-1 (CODEMIRs
-16 and -17), A

fl. will be appreciated by one skilled in the art thal these CODEMIRs comprise a sequence
that i3 the complement of the seed. In this example, the complementary sequence in the
CODEMIRs is GUGACAGUCACT, (S8EQ 1D NO: 2)

CODEMIRs -16 and -17 were tested for activity against both VECGF-A and ICAM-1
largets in RPE cells, RPE cells in culture were used to screen the anti-angiogenic CODEMIRs
designed, us described above, The human coll line, ARIPE-19, was used. ARPE-19 cells were

grown in Dulthecco’s Modified Eagle’s Medinm supplemeniced with 10% felal bovine seruym und
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10 mM glutamine. For GLISA detection of scereted proteins of interest, or in situ ool suiface
antigen immunostaining, ARPE cells were seoded at 4 x 10° cells per well in 2 96 well lissue
culture plate. For FACS analysis, ARI’E-19 cells were seeded at 2.5 x 10* cells per well in a 24

well tissue culture plate. Cells were transfected 24 hours after seeding wsing lipofectamine

- {(InVilrogen) at a ratio of 1 microl. lipofectamine per 20 pmol of CODEMIR RNA duplex or

cotiro] siRNA. [n most studies, medium was replaced 24 hours after transfection al which time
deferoxamine (130 M) or I-1ff (I ng/mL) was added for the VEGF-A and ICAM-1
¢cxperiments, respeclively. 4Expen'menls were performed in triplicate and repeated at least twice.

The ARPE-19 celis were assayed (o confirm production of both VEGF-A and ICAM-1.
VEGE-A was assayed in the supernatant using a commmercially availuble ELISA assay (R&D
Systemns) accordin g to the munufacturer’s instruclions. Cell surface ICAM-1 was assayed either
by immunostaining followed by fluorescence activated cell sorting (FACS), by in situ
innnunostaining‘ of cell-surface ICAM-1 in 96 well plates using colorimetric detection, or
alternatively by ELISA of cell lysates using a commercial sSICAM ELISA kit (Ré&D syslmns)l

The resulls are shown in Figure 1. Both CODEMIRs were active modulutors uf the
multiple targets, CODEMIR-16 was mbrc active in modulating VEGF-A and CODEMIR-17
was more active against ICAM-1, apparently as a result of the design symmetry. This is likely
due to ultered strand-loading bias, t ‘ }

The loading bias can be adjusted, for example, by introducing wobble G:U basepairs into ‘
the extremities of the duplex, or by expanding the CODEMIR to u 22-base duplex with
symmetncal extremitics. Variations of sach of these types were explored. CODEMIR-26 is a
22-base duplex that has 4 identical binding nucleotide puirs at cach of the two ternini of the
duplex. As shown in Figure 1, CODEMIR-26 exhibited groatly increased ICAM-1 targeting

compared to that of CODEMIR-16. Thus, the adjustments to the sequence were able to cortect

the Toading bias observed with CODEMIR-16,

‘ODEMIRS -27 and -23 (see Table [-1) were designed to test whether disrupling strong
G:C pairs at un end of the duplex region wonld also success(ully overcome the foading bias
observed with CODEMIR16. As can be seen from Lhe results in Figure 1, the substitation of a C
with a U in the 3"terminal region of the guide strands targeting VEGF-A was successful in
changing the bias (e.g. CODEMIR-27). CODEMIR-28 had similar aclivity to COREMIR-27

where changes were made at the other end of the CODEMIR.
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1t wus also envisaged herein that both strand loading bias and target activity can be
controlled by introducing mismatches 1o disrupt the end of the duplex that is inefﬁcvient[y loaded
and simultaneously increase hybridization (0 the target. For examplé, in CONEMIR-36, a
variant of CODEMIR-16, both strands were designed to be entirely complementary to the
respective target sequences; the resulting incompletely complementary duplex features several
mismatches al the 5’cxtremity of the ICAM-] guide sequence. The results for CODEMIR-36
{see Table 1-1) are shown in Figure 1. Y

The multitargeting interfering RNA (CODEMIRs) herein disclosed would be expecied to
be effective in multiple angiogenic discases of the eye. This is because secreted VEGE-A plays a
mijor role in all of these diseases (Witmer et al (2003) Prog Retin Eye Res, 22, 1-29), although
ICAM-1 overexpression may be an early initialing ¢cvent, particularly for diabetic retinopathy
and macular edemu (Funatsu et al., (2005) Ophthalmology, 112, 806-16.; Joussen ct al. (2002) -
AmJ Pgﬂml, 160, 501-9 ; Lu et ati,. (1999) Invest Ophthalmol Vis Sci, 40, 1808-12. We have
shown that several CODEMIRs are uble to suppress both VEGF-A and ICAM-1 production by
human retinal cpithclium cells (ARPE-19 cell liﬁe)A These cells arc a major contributor to the
production of these proteins in these ocular angiogenic diseascs (Matsaoka et al., (2004) BrJ
Ophthabmol, 88, 809-15, Yeh et al. (2004), Invest Ophthalmol Vis Sci, 45, 2368-73). RPE cells
are also the bl‘inml'y site of uptake of foreign nucleic acids in the eye and, for these two rcasons,
are the appropriate cell modcl for evaluation of anli—angiogcnig CODEMIRs in ophthalinology.

The in vivo activitics of two oligonucleotide drugs correlated with their activity against RPE cells

in culture (Garrctt et al. (2001) J Gene Med, 3, 373-83; Rakoczy et al. (1996), Antisense Nucleic

Acid Drug Dev, 6, 207-13) demonstrating the value of this cell culture model. An advantage of
this cell line is that it Torms polarized monolayers that mimic the RPE layer of the eye (Dunn et
al., (1996}, Exp Eye Res, 62, 155-69).

--56--
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* Upper strand = mRNA target, lower strand = CODEMIR guide strand, The bold
sequence identifies the sequence presentin LCAM-1 and as its complement in VEGF-A

around which the CODEMIR duplexes were designed.

Examplc 2
CODEMIRSs o Glue6P and Inppli

CODEMIRs may also be suitable for the troatment of complex metabolic diseases
such as type 2 diabeles. Two potential genc targets for the treatment of this discase are
glucose-6-phosphatase and loppll. Full transcript sequences were examined. Candidale
CODEMIRs from the best contiguous region of identity are shown for each case in Table 2-1,

Regions of complementarity between the two targets were found and the two
identificd sceds (Table 2-1: CUGCCUCGCCCAG  (SEQ 1D NO: 19) and
CUCCACAU(’:CAC) (SEQ ID NO: 20) were used as the central motifs for two possible
CODEMIR ddp]cxcs. The latter seed and its complement were extended at their 3' ends to
generate duplexes jn which each strand has 57 complementarity to one of the turgel sequences
(Figure 2A). This is important because both strands of the CODEMIR duplex are effectors
and an increased rogion of identity of each strand with its target needs to be extended 1o the
57 terminus, whereas the less critical 3° end requires Igss complementarity (Figure 2A).

Some modification of the CODEMIRs can be performed Lo tune the hybridization of the
CODEMIR duplex, thereby all fcc[iﬁg the loading bias. Introduction of mismatches is onc
way ol achieving this (for example see: Obnishi et al. (2005) Biochem Biophys Res Conunun,
329:516-21) and these mismatches c§11 be chosen also for their ability to increase binding of
the 3° region ol the cffcctor strands to their respective target transcripts (Figure 2B). In this
situation, the CODEMIR duplex is then no longer composed of two strands with camplete
complementarity, si rhilarly o CODEMIR-36.

It will be appreciated by one skilled in the art that multitargeting interfering RNA

" molecules (CODEMIRS) will compﬁse the sequence corresponding Lo the complement of the

seed. In this cxample, these complementary scquences arc CUGGGCGAGGCAG  (SEQ ID
NO: 21) and GUGGAUGUGGAG. (SEQ ID NO: 22)

.50
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Table 2-1: Target sequences alighed with CODEMIRs (or targeting GlucGp and Inppll.

Sequences
Gluc6p 5’ GUGTICAUCLCCUAETECCTCGOCCAGGUCCUGEGCCAGE 37 (SEQ 1D NO: 23)
Inppll (complement) 3" CAGGCACUCALGQEUGCCUCGOCCAGCCLGCUGGECOCHET 37 (SEQ ID NO: 24)

e

Cél‘wdidméﬂ‘C(SDEMIR duplex 1 (e.g. ceﬁtml duplcx 1)

Inppl) targeting strand 5" AIGCCUGCCUCGCCCAGGEUCE 3° (SRQ ID NO: 25)
Giluc6p targeting strand 3’ UACCGACGRAGCERGUCCAGE 5° (SEQ ID NO: 26)
Gluctp 5" GAUUCUUCCACUCCCUCCACAUCCACCCCACTUGEAUCUUCA ¥ 610 I No: 27)
hippll (oomplcmcm) 5" ACCAGCCGCCCACCCUCCACAUCCACCCUCAGCEUGAACUT 3' (SEQ ID NO: 26)

Candidate CODEMIR duplex 2 (c.g. central duplex 2)

Inppll targeting strand §' CACCCUCCACAUCCACCCCAC 3° (SFQ 1D NO: 29)
Glucop largeting strand * 3" CUGGGAGGURUAGGUGCEGUG 57 (SEQ 1L NO: 30)
5 HExample 3

VIROMIRS targeting mmltiplc sites within the IV genome

The invention can be used to target proteins of intcrest that are likely to be mutated in

chronic [orms of disease. Mutations may be particularly prevalent in cancer and viral disease

10 in which drug-resistant forms often evolve. In this exumple, VIROMIRs were designed to
target multiple sites in the Human Tmmunodcﬁcicnéy Virus (HIV). The requircment for
simultaneous mulation at scveral sites, in order to overcome the effects of such a VIROMIR,
is likely to provide a high genetic hurdlc to the emergence of resistant viral clones or |
quasispecies. The genome of the HXB?2 strain of HTIV I serotype B (GenBank Accession

15 Vﬁ?dq*) wag used as the priﬁcipa! sequence of interest and wiis examined with
bioinformatics methods detailod clsewhere in this application to find seeds occurring at more
than one location. All IV L clade B isolales in the LANL database as of 1 Augusl 2005
which contain full sequences for any of the GAG, ENV, POL, TAT, VIF, VPR, VPU and
NEF genes were used in these analyses.

20
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A 17-base seed and its complete complement were found in the HIV reference strain genome
a5 shown below:
TCTAATTCCAATAATICTTOTTCATTC MM IChL I‘GC‘I‘GG‘I"I"I"J.‘GCGATTC'I‘TC‘AATTAAGGAGT(:TA"P'I AAGCDT
GTCTANTT KO03455r (SRQ 1D NO: 31)
CTTTGAOCCZ\ATTLCCA’l‘ACATTATTGTGCCCC('_«‘GC’I‘GGT’I‘T'I‘GCGA'I"J.‘CTAAAA',PG‘TAATAATI\AGACGTTCAA
TGGAACAG K03455 (SEQIDNO:32) 4
wherein, K03455r is a partial sequence of the complemcent of the reference strain
genome,

In'the population of Clade B isolates described above, the seed
(GCTGGII'MGCEATTCT) (SEQ ID NO: 33) was found in 76% of isolates, whereas 11s
complement (AGANTCGCAAAACCAGC) (SEQ ID NO: 34) was found in 4% of isolates
respectively.. '

Ultimately, an effective RNA therapeutic of the invention should provide broad
coverage of the affected population and it is obviously desirable 1o target scquences that are
highly represented in this patient population. Therefore, the sced presented above mi ght not
cover a sufficient proportion of the population. chcrthcléss, due to its unique size it was
considered [urthoer in the exemplification of the invention.

However, if conservation needed to be improved for this seed, one skilled in the art
would appreciate thai using a sub-segment of (his sced could result in improved conservation.

For example, when two bases are removed, as in the following:

5 TGEIMIMTGCCATTCT |3’ (forward) (SED I NO: 385)
3’ AGADATCGCAAAACCA 3’ (reverse) (SRQ IR NO:36)

the forward conservation remains at 76%, while the reverse consetvation increases
substantially to 35%.

In order to prioritize zmd test candidate VIROMIRs, it is important to have screening
mcthods that are compatible w'th the inls .ded.lt’.rgcf sequence. The pNL4.3 assay iz widely
used in the ficld of HIV research as a valuable, validated screen for diu gs active in HIV and
was used by us to test candidate VIROMIRs. However, there are some dilferences between
the sequences of the HIV component of the pNI 4.3 plasmid and that of the reference H1V
strain (K03455) used in the design of the VIROMIR. Therefote, corparison of the sequence
of the refereﬁce strain and the sequence of the pN.LA.B plasmid was carried out to confirm
that the above-mentioned VIROMIR was targeting a sequence also present in the testing

system. Other testing systems such as viral challenge assays, fugion reporters, viral

o



“h

10

15

WO 2007/056829 PCT/AU2006/001750

J&J 5207

pseudoparticles among others, each representing any multitude of therapeutically relevant or
irrelevant sequences could equally be considered. '
An example of a VIROMIR duplex (VMO1 1) largeting these two seed sites is:

5/  UGCUGGUUUUGCGAUUCUAAA 3‘ (SEQ I NO: 37)

3 GAACGACCARARCGCUAAGAU 57 (SEQ ID NO: 38)

Analyzing the ends of the duplex, it will be apparent 1o onc skilled in the art that the two

-strands would be unlikely to load equally, given the greater (/C content al onc end relative to
the other, therefore it would likely benefit from further optimization as discussed elsewhere
in this invention.

HIV generally causes chronic infection with ir vive viral reservoirs. Consequently,
VIROMIRs targeting HIV arc most likely to be therapeutically cifective as cell-expressed
short hairpin RNAs (shRNAs) rather than as synthetic RNA duplexes because of a necd for
continued therapeutic cover to prevent re-emergence from latent sites.

The sequences for VMOL1 were used in the design of an shRNA. Conliguéus DNA
ssquences corresponding to: BamHI rcslﬁctioﬁ site, Gi initiator, VIROMIR passenger, Xho
loop sequence (ACTCGAGA), VIROMIR guide strand, polIIl tcrminator and HindI1
restriction sile were asécmb]cd and prepared as dsDNA. They were then cloned into a pSIL
vector under the control of a H1 promoter. The resulting double-stranded DNA insert
designed to encode an shRNA VIROMIR approximating VMOL! is shown below (loop

sequence in parcntheses and terminator italicized):

57 GATCCUCTIGC) t-r(:TTTTGCGAT’I‘CTA(ACTCGA(:A)'I'A(;/\l\'l( :GCAARACCAGCAAC TTTTTTGGAN (SEQ MINO: ’59)
GCGAACGACCANANCGC TARGAT ( TGAGCTCT ) ATCTTAGCG I MGG CRTTCAAAAARCOTTTCGA-5 (SEQ M
NO: 40)
One skilled in the art will appreciate that when transcribed, the encoded RNA folds

into a hairpin structare, which is modificd by the cellular Drosha and Dicer proteins to
generate active VIROMIR RNA duplex(es). The skilled arlisan will also recognize that 4
number of variations ot the design of the shRNA construct could be considered. These
include but are not limited to: length, scquence and orientalion of the shRNA duplex .
components (guidc strand, passenger strand, precursors), length and sequence of Lhe lodp,
choice of promoter, initiator and terminator sequences as well as the cloning strategies used
to assemble the final construct,

| This shRNA contruct was tested in HEK-293 cells by co-lransfecting with the pN1.4.3
plasmid. Specificully, HEK-293 cells were seeded al density of 2 x 1075 cells in 1 ml

Optimem medium / well in a 12-well plate. Cells were transfecled 24 hr Tater with 200u1.
--62-- :
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DNA: Lipofcctamine mix (200ng pNL4.3 plasmid, 67ng VIROMIR pSIl. construct in 100 L
complexed with 2.7uL Lipolectamine 2000 in Optimem). After changing the medium 24
hours later, the production of p24 was assayed by collection of the supernatant after a further
24 hours of incubation,

The production of p24 was expressed as a percentage of the production from cells
wansfected with the empty control plasmid. VMOL! did not have any appreciable activity in
this assay.'(dut;l not shown), perhaps reflecting the lack of equivalent loading, as predicted
from the analysis of the ends of the duplex. Nevertheless, one skilled in the art will appreciate
that other design strategies (eg. allernalive extension of the strands from the seed and its
complement, or variation of the shRNA cdnstruct as described ahiwe) could be considered for
the development of an active VIROMIR of this design, which when combined with

appropriate screens such as the one used above, could he used to identily useful therapeutics.

Examplc 4
4 Dual targeting of LHCV and TNFa

In some cases of infectious diseases, mullitargoting interfering RNAs can be utilized
to target both the gennﬁ'le of the infectious agent and one or more key host “drivers” of the
disease. For cxample, TNF-alpha is considered a major disease-associated factor in Hepatitis
C Virns infection and its sequelae. Investigation of the genome of 1ICV and the TNH-alpha
mRNA Was undertiken.

On scarching for » base seeds and their complete complements in HCV and TNFz, the
following seed of intercst was one of several identified: 53° ACTCCCCTG 3° (SEQ ID NO:
41) | ' '

This'seed was sclected because it is present in the HCV genome with a conscrvation
of 94% in 155 isolates of genotypes lu and 1b. This sced 15 actually present in two sites in-
FICV. We then considercd the nucleotides in the 37 direction from this seed Lo esmbliéh
which sitc should be primarily considered in the design of the duplex. The extended

sequences for the sites (+6 bascs to the 3" end) were as follows:

ACYLOCCOTGTEAGCA (sile #1) (SEOIDNO: 47)
ACTCCCCTGACGOCG {aite #2) (SEQIDNO:43)

It was found that the rate of occurrence of the seed at the first first site was much
higher than al the second (92% vs 7%). Therefore the (urther design of the multitargeting

interfering RNA was performed only considering the sequence of the 1 site.
63 -
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In genetic context terms, the seed is in the 5'NTR of HCV and 3°UTR ol TNFalpha.
Shown below is the location of the sced in the HCV scquence and in the antiparallel sequence

for TNFalpha:

N TONTCCOLCECACACTCOAGCATCANTE ACTCCCOTE TéAGCAACTACTCTCTTCACCCAGAAAGC Yo ngy (SEQ D NO»: 44)
3 ACTGAATAGLAGGUCCATTACAGACATA ACTCCCOTE GGGADCAGAGGCTCAGCAAiﬁAGTGACAG S*OtNFar (SEQ L NO: 45)

Becuuse the sced is 9moer, the required cxtension for the duplex of the roquired length
(eg 19) i, tor cxample, 5 bascs in the 3° dircétion of the target and 5 bascs in the 57 direction
as the seed is usually in the middle of the double stranded duplex (excluding the overhangs).
Bypulling it in the middle, the resulting two strands will have an equivalent porlion of ‘
complete complementarity with their respective targets when the process outlined below is
followed. This should ensure that binding of the resulling two strands should be comparable.
With a seed of, tor example, ten nucleotides, the extension by 5 on each side wouid creatc a

duplex of 20, whereas extension of 4 plus 5 or 5 plus 4 would yield a duplex of 19

- fiucleotides. Other permutations arc cqually permissible depending on the Iengths of the secd

and the desjred duplex.

In this example, a means of generaling one of the strands of the duplex is as follows:

¢ Startin & with the bcomplcmcm of the secd of the target in the normal orientation (i.e.
HCV) gives the lollowing sequence 57 CAGGGGAGU 3'. (SEQ ID NO: 46)

* Then extend this sequence further in jts 3" direction by taking fhe complcmcdt of the next
5 bases of the HCV sequence at the 3’ end of the seed — this gives §° ‘
C’CUCACAGG‘GGAGU 3. (SEQ ID NO: 47 }

* This is followed by the addition of the complement of the next 5 bascs of the sccond
targel which is in the antiparalle] orientalion (i.e. TNFu) (o give the first strand sequence
of 57 —CCUCACAGGGGAGUUGUGU—3 "{SEQ .ID NO: 48)

* The opposite strand (TNFa) is then the complement of the first guide strand: 5 ' -
ACACAACUCCCCUGUGAGG-3” (SEQ ID NO: 49)

such that the duplex is:

3 CCUCACACCCEAGUUCUCU 3'(SEQ ID NO: 48)
37 GGAGUGUCCCCUCAACACA SY(SEQ 1D No: 49)
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The two guide strands have predicted binding to the two targets of:

HCV 5' G UCCATCAUGAAUC A 3 .
ACAC Acucccc‘ucucmc (SEQ 13 NO: 509
UcuG UGAGGGGRACACUCC

Guide#l 3' " . © 5" (SEQID NO: 48)

‘mre: -35.0 kcal/mol

TNFa 5' @ UGCUCCe ' c 3
ceue CAGGRGAGULGUGU (SEQ IND NQ: 51
GGAG CQUCCCCUCAACACA
Guide#2 3° U 5 (SEQID NO: 49)
mfa: -35.0 kcal/mél

To improve equality ot loading, the duplex could be extended with further
complementarity o the HCV sequence, pussibly:
5' UCCUCACACCCGAGUUCTGU 3¢ (SEQ ID No: 53)
3 AGGAGUGUCCCCUCAACATA 5°(SEQ ID NO: 53)
This has the ctfect of producing a more balanced representation of weak (A:U) and
strong (G1:C) base pairs at the ends of the duplex.
Alternatively, a duplex for which the TNFa- targeting strand is mutated bul still
capdblc of hinding to the target and the corresponding strand is changed to match could be;

' CCUCACACCCCACUUCUOS 3¢ (SEQ ID NO: 54)
3 GCACUGUCCCCUCAACARS 5¢ {SEQ ID NO: 55)

In this situation, the first 5 base pairs of the duplex arc cqually balanced at the two
ends, without appreciably compromising binding to the target us shown below (note wabble-

base pair with TNFa-tar geting suand)

1ev 5 G @G CUCCACCAUCNAAUC ) ’ - A 3
GC ACA . ACUCCCCUGUGAGE (SEQ 10 NO: $6)
CG ucu UGAGGLGACACUCE
Cuideftl 3 u S'(SEQ 1L NO: 54y
mfe: -34.7 keal/mol
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TNEa 5 ¢ - ygeucce c 3
ccuc CAGGLGAGUUGUGH (SEQ 1) NG: 51)
GGAG GUCCCCUCARCACE
Guide#? 3 U 5 (SEQ 1D NO: 53

mfe: 35.3 kecal/mol

If required, overhangs can be added. It may be beneficial tk) make those
complementary o the intended target so as to enhanced improved binding of the tail tcgion.
The added bascs may be selected so us 1o provide predicted binding to a specified further
region in the target RNA. For cxamplc, in the above i silico bmdmg result a large bulge is
predicled to be formed trom the bi nding of the first guide strand to the HCV target RNA. The
choicé of averhangs could be guided by the desire to reduce the length of that bulge. Other
alternalives are to add bascs complementary to thg target to provide an ¢xtension of the
binding, indicated in silico. So, as an cxarnple, tﬁc duplex generated above could be further
extended using the information trom the in silico hybridization to further define the bascs

required.

27 =CCIICACAGGGEAGUUGUGCEE. 3¢ {SEQ ID NO: 57}
3" TCGGMAITEUCCOCUCARCACE -6 ¢ (SEQ ID NO: 58)

Alternatively, the scquence could be empirically extended by adding UU:

' -COUCACAGGUGABUUGUECTU 37 [SEQ ID NO: su)
3 UUGGRGUGTICCCCTCARCACG -6/ ($BQ ID NO: 50)

It will be uppreciated by one skilled in the art that synthetic multitargeling mlerfen ng

RNA duplexes will comprise the seed and its corresponding complement (5" CAGGGGAGU
3). (SEQ 1D NO: 46)
~ Other sceds perhaps worthy of further mvestigalion are 5° CGCCTGGAGCCCT 3

(SEQ lD NO: 61 and §° CTC‘CTC‘GGCC‘AGC 37 (SEQ ID NO: 62)

i will be appreciated by one skilled in the art that synthetic multitargeting interfering
RNA duplexcs will comprise the seed and ity corresponding complement (5
AGGGLUCCAGGCG 37 (SEQ ID NO: 63) or §* GCUGGCC GAGGAG 3. (SEQ D NO:
64)

=06 -~
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Example 5

Modifications to improve strand loading
- A likely cxplanation for the decreased activity of blunt-cnded CODEMIRS is that
RISC loading (s impaired in the absence of 3 " ovethangs. We have investigated the usc of &
single blunt-end to prevent Ioddmg of one strand of a C()DFMIR a technique that is
potentally uselul for promoting ]Uddlﬂg ol the guude strand.  For lhl\ study, we designed a
variant of CODEMIR-17, which has a strong prelerence for loading of the TCAM tdrgetlng
guide strand. The variant CODEMIR-103 (Table 5-1) was designed to include a blunt end at

the 5” end of the ICAM-1 guide strand. This CODEMIR demonstrated increaged VEGF

suppressive activity, and decrcased ICAM-1 suppressive activity (Figure 3), which is
consistent with altered strand loading.

In this cxample, ARPE-19 cells were transfecled with 40nM duplex RNA and VEGE
(ELISA) or ICAM (FACS) expression was assayed 48 hours post-transfection. Each barmm
Figure 3 represents the mean of triplicate samples. Emor bars indicate standurd deviation of

the mean,

- 67 --
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Example 6
Activity of CODEMIRy and VIROMIRs in vivo
5 'The activity of CODEMIRs and other multtargeting interfering RNA of the | invention

could be lested in various preclinical models known to thosc skilled in the art. As 1 non-
limiting cxample, CODEMIRs-26-28 could he tested in a retinopathy of promaturit y model.
This model is well known to those working in.the field of ocular dnglngenems and is used
exlensively as one of several models tor the development of drugs active against the diseases
10 of interest (AMD, diabetic rctinopathy etc). The study could comprise ot a suitable number of
mouse or rat neonate pups equally divided into treatment groups. The treatment groups could
include negative controls such as vehicle, irrelevant or scrambled sequenee controls plus a
number of multitargeting interfering RNA. One could dls,o consider including siRNA ‘to
- VEGF as known comparators. - ’
s In this modcl, beginning on Day 1 of life, litters are exposed to cycles of hyperoxia
folfowed by several days of room air. The injections could be performed on the last day of
cycling, prior o the 4 day normoxia period. Several days later, animals could be mjecled
with EITC-dextran and sacrificed. Fluorcscence images of the retinal #lat mounts could uscd
o estimate the extent of neoangiogenesis in cach animal. In addition, measurement of the
20 production of the target RNA molecules or their encoded proteins (in this casc, VEGF and
ICAM) could be made by analysis of homogcnucd samples or, altematively, with in sity
hybridization., ’
As a further non-limiting examplc, CODEMIRs could dltcﬁmtiveiy be evaluated in
vivo for inhibition of diséasc-related dnmogeneqm using the laser-induccd Choroidal
25  Neovascularization - (( NV) model in rats or primates. In this model, animals under gencral
anaesthesia have their pupils dilated and retina photographed. Choroidal ncovascularisalion
(C‘N V) is induced by krypton lascr photocoagulation. This is performed using lascr
irradiation to ulher the left or altematively, the tight eye of cach animal from all treatment
groups through a slit lamp. A totl of 6-11 laser hurns are generally applicd 1o cach eye
30 swrrounding the optic nerve at the postecior pole. .
AU a suitable time following laser mjury, the multitargeting interfering RNA are
injected inlo the affected eyes. The suitable time can be the day following faser induction, or
for an assessment aguinst estublished CNYV, the injections can be performed severdl days or

weeks following injury. Intravitreal injections of the oligonucleotides are pu’rouncd by
-09 - -
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inscrting a-30- or 32-gauge needle into the vitreous. Insertion and infusion can be performed
and directly viewed through an operating microscope. Care is taken not to injure the lens or
the retina. tdeally, the test compounds arc placed in the superior and peripheral vitrcous
cavity. Deriodically after treatment, the ncoangiogenesis is cvaluated by either imaging
and/or direct sampling (eg histology, immunohistochemistry). In all ¢ascs, the assessment of
CNYV is best pc1tormcd by a skilled opérator blinded to the actual tieatmcnt to cnsurc a lack
of hias in the recording of the information.
An example of 4 direct imaging method is Co]our Fundus Photography (CFP). Again, under
anacsthesia as described above, the pupils are dllated The fundus is then photographed with a
camera using the appropriate film. »
Alternatively, or preferably in addition to ¢ FP, fluorcscein angiography is used to image the
vessels and areas of vascular Icakage in the relina.  This is performed on all of thc animals
followmg the intraperitoneal or intravenous injection of sodium fluorescein. The retinal
vasculature is then photographed using the sume camera as used for CF P but with a barrier
filter for Humcscem angiography added. Single photogruphs can he taken at 0.5-1 minucc
intervals immediately aller the administration of sodium fluorescein, The extent of
fluorescein lcakage is scored by a rained operator. “The mean se?erity scores from each of
the lime points are compared by a suitablc statistical analysis and differences considercd
significant at p < 0.05. In addition, the frequency of each lesion scorc is counled, mbulated.
and represented graphically. . .
Allematively, or in addition, rats can he cuthanased at sclected time points following
treatment (for example 7, 14 and 28 days post injection) and eyes exantined by conventional
histopathology. A reduction in the number and severity of lcsions is expected Lo be seen wnth
samples treated by active oligonucleotides of the j mvention.

Other non—hrmlmg examples including testing the multitargeting interfering RNA of
the invention in other preclinical models such us those that are well known to thasc skilled in
the arl. A non-exhaustive list includes pulmonary fibrosis (blcomyun mduced) paw

intlammation (carragcen), Jjoint arthrilis, diabetes, viral infection, tumour xenografls etc.

While the foregoing specification teaches the principles of the present invention, with
examples provided for the purposc of illustration, it will be understood that the practice of the
mvention ericornpasses all of the usual variations, adaptations and/or modifications as come
within the scope ot the following claims and their equivalents. Al references arc hereby

mncorporaled into this application in their entirety.
-- 70
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What is Claimed is:

1. A multitargeting interfering RNA molecule comprising Formula (D

5p-X § ¥-3°
5 3-X8Y -p-S

wherein p consists of a terminal phosphate group that is i ndcpendently present

or absent;

whercin-S consists of a first nucleotide sequence of a length of about 5 to
about 20 nucleotides that is completcly complemcntary to a first portion of a first
10 bmdmg sequence, and §' consists of a second nucleotide scquence of a length of
ahout 5 to about 20 nuclootides that is comnpletely complementary (o a first portion of
asccond hinding sequence, wherein said first and second binding seciuenoes are
present in distinct genelic contexts in at least one pre-selccted target RNA molecule,
and whercin § and S’ are at least substantially complementary to cach other but arc

15 not palindromic;

wherein X, X7, Y, or Y', is indcpendently absent or consisls of a nucleatide

sequence;

wherein XSY is at least partially complementary to the first binding sequence

to allow stable interaction therewith:

[\~
12

wherein Y’'S"X" is at least partially complementary to the sccond binding
scquence to allow stable interaction therewith and is at least partially complementary

to XSY to formn 4 stable duplex therewith.

2, ‘The multitargeting intertering RNA molecule of claim 1, wherein X, X', Y. or Y,

independently consists of one or more nucleotides.

25 3 ‘the multitargeting interfering RNA molecule of claim | or claim 2, wherein X
consists of a third nucleotide sequence that is at least partially camplementary to a

T -
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second portion of the first binding sequence, said sccond portion is adjacent to and
conncected with the 37-end of said first portion of the first binding sequence, und-
wherein X7 consists of a fourth nucleotide sequence that is substantially

complemcentary to the third nucleotide sequence.

The multitargeting intcrtering RNA molecule of any onc of claims | to 3, wherein X

and X' are completely complementary to each other.

The multitargeling jnterfering RNA molecule of any one of claims 1 to 4, wherein X

is completcly complementary (o the second portion of the first binding sequence.

The multitargeting interfering RNA molccule of any one of claims 1 to 5, wherein Y’
consists of a fifth ngcléotide sequence thal is at feast partially cbmplemeﬁlary toa
second portion of the second binding sequence, said second portion is adjacent to and
connected with the 3"-end of said first portion of the second binding sequence, and
wherein Y consists of a sixth nucleotide scquence that is substantially complementary

to the fifth nucleotide sequence.

Tho multitargeting interfering RNA molecule of any one of ¢laims 1 to 6, wherein Y

and Y’ arc complcicly complementary (o cach other.

The multitargeting interfering RNA molecule of any one of claims 1 to 7, wherein Y’

is complctely co‘mplcmentury to the second portion of the second binding sequence.

The multitargeting inlerfering RNA molecule of any ane of claims 1 to 8, wherein S

and §" are complcetely complementary to each other.

The multitargeting interfering RNA ‘molecule of any one of claims 1 to 9, wherein XS
is completely complementary to the first portion und the second pbnion of the first

binding sequence.

The multitargeting interfering RNA molecule of any unc of clatms 1 to 10, whercin
Y'S™ 18 completcly complementary 1o the first portion and the sccond porlion of the

sccond binding sequence.

PCT/AU2006/001750
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The multitargeting interfering RNA molecule of any one of claims 1 o 11, wherein

XSY and Y’S§’X are complctely complementary to each other.

The multitargeting interfering RNA molecule of any one of ¢clanms | to 12, wherein S

consists of 4 first nucleotide sequence of a length of about 8t about 15 nuclcotides.

The multitargeting interfering RNA molecule of any onc of claims 1 to 13, wherein

cach of XSY and Y'S'X" is ol a lenglh of about 15 to about 29 nucleotides.

The multitargeling interfering RNA molecule of any one of claims [ ta 14, wherein

each of XSY and Y'S'X  is of a length of about 19 Lo about 23 nucleotides.

The multitargeting interfering RNA molecule of any one of claims 1 to 15 comprising

one or more terminal overhangs.

The muliitargeting interfering RNA molecule of claim 1.6, wherein the ovethang

consists of 1 to 5 nucleotides.

The multiturgeting interfering RNA moleculc of any onc of claims 1 to 17 comprising

at least onc modificd ribonucleotide, universal base, acyclic nucleotide, abasic

‘nucleotide or non-ribonuclcotide.

The multitargeting interfering RNA molccule of any one of claims 1 to 18 comprising

al lcast one 2'-O-methyl-ribosyl substitution or a locked nucleic acid ribonucleotide.

The multitargeting interfering RNA molccule of any one of claims 1 to 19, whercin
the first and the second binding sequences arc present in distinct genetic contextis in

one pre-sclected tirget RNA molecule.

The multitargeting interfering RNA molecule of any one of claims 1 to 19, whercin
the first and the second binding scquences ate present in dislinct genetic contexts in at

least (wo pre-selected targel RNA molccules.

The multitargeting interfering RNA molecule of any one of claims 1 to 21, wherein at
Jeast onc of the pre-selected target RNA molecules js a non-coding RINA moleculc.

T3
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The multitargeting interfering RNA molceule of any one of claims | to 22, wherein at

least onc of the pre-selected target RNA molecules is a mRNA molecule.

“The multitargeling interfering RNA molecule of any one of claims 1 to 23, whercin at
least one of the binding sequences is present in the 3’ -untranslated region (3'UTR) of

a mRNA molccule.

The multitarpeting intcrfering RNA molccule of any one of claims 1 o 24, wherein
one or more of the pre-selected target RNA molecules are involved in a disease or

disorder of a biological system.

‘The mullitargeting interfering RNA molccule of ¢laim 25, wherein one or more of the
pre-sclected target RNA molecules are invelved in a discase or disorder of an animal

or a plant.

The multitargeting interfering RNA molecule of claim 26, wherein the animal is
selected from the group consisting of a ral, a mouse, a dog, 2 cul, a pig, a monkey, and

a human,

'I‘hc; multitargetling interfering RNA molecule of any one of claims 1 to 27, wherein
one or morc of the pre-selecled target RNA molecules cncode a protein of a class
selected from the group consisting of receptors, cytokines, transcription factors,
regulatory proteins, signaling proteins, cytoskeletal proteins, transporters, cnzymes,

hormones, and antigens.

‘The multitargeting interfering RNA molcecule of any one of claims .1 to 28, wherein
one or more of the pre-seivcted i get RNA miolecules encode a protein selected from

the group consisting of ICAM- 1, VEGF-A, MCP-1, IL-8, VEGF-B, IGF-1, Gluc6p,

Inppl1, bEGH, PIGT, VEGF-C, VEGE-D, B-catenin, k-ras-B, x-ras-A, EGIR, and
- TNI alpha.

The multitargeting interfering RNA molecule of any one of ¢laims | to 29 that
decrcases expression of any combination of [CAM-1, VEGEF-B, VEGF-C., VEGE-D,
IL-8, bFGL, PIGF, MCP-1 and IGF-1 in an expression syslem. ‘
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The multitargeting interfering RNA malecule of any onc of claims 1 to 30 that
decreases expression of any combination of ICAM-1, VEGFE-A and IGF-1 in‘an

cxXpression system,

The multitargeting interfering RNA molecule of any one of claims 1 to 31 that

decreases cxpression of both ICAM-1 and VEGF-A in an cxpression systeny.

The multitargeting interfering RNA molecule of any one of claims | to 29 that
‘deercases expression’of any combination of B-catenin, x-ras, and EGFR in an

expression systom.

The multitargeting interfcring RNA molecule of any one of claims 1 to 29 that

decreases expression of both Gluc6p and Inppll in an expression system.

The multitargeting interfering RNA molecule of any one of claims 1 to 29, wherein

one or more of the pre-selected target RNA molecules encodce a viral RNA.

The multitargeting interfering RNA molecule of claim 35, wherein the virus is
selected trom the group consisting of a human immunodeficiency virus (HIV), a
hepatitis C virus (HCV), an influenza virus, a rhinovirus, and a scvere acute

respiratory syndrome (SARS) virus.

The multitargeting interfering RNA molccule of claim 36, whercin the virus is «

hepatitis C virus (HCV) and a pre-selected target RNA molecule encodes TNFalpha,

The multitargeting interfering RNA molccule of any one of claims 1 to 37, wherein
one or more af the pre-selected target RNA molecules comprises one or more RNA
molecules selected from a first hiological system,

‘T'he multitargeting interfering RNA molecule of any onc of claims 1 to 37, wherein
one or more of the pre-sclected target RNA molecules comprises one or more RNA
niolecules sclected from a second biological system that is infectious to a first

hiological system.
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The multitargeting interfering RNA molecule of any one of claims T to 37, whetein
the pre-selected tarpet RNA molecules comprise one or more RNA molccules
sclected from a first biological system and one or more pre-selected target RNA -
molecules sclected from a second Biological system that is infectious to the first

hiological system.

‘I'he multitargeting interfering RNA molecule of claim 40, wherein the pre-sclected
target RNA molecules comprise one or more RNA molecules selected from an animal
or a plant and one or morc RNA molecules selected from a microbe or a virus that 18

infeclious to the animal or the plant.

The multitargeting interforing RNA of claim 41, whercin the pre-sclected targel RNA
moleculcs comprises an RNA molecule encoding a human protcin TNFalpha,

LEDGE(p75), BAF, CCRS, CXCR4, furin, NI'kB, STATL.

The multitargeting inlerfering RNA molecule of any one of claims 1 to 17, whercin S
consists essenlially of a nucleotide sequence sclected from the group consisting of:
GUGACAGUCACU (SEQ ID NO: 2), CUGGGCGAGGCAG (SEQ ID NO: 21),
GUGGAUGUGGAG (SEQ 1D NO: 22), AGAATCGCA AAACCAGC (SEQID NO:
34), AGAATCGCAAAACCA (SEQ 1D NO: 36), CAGGGGAGU (SEQ ID NO: 46),
AGGGCUCCAGGCG (SEQ 1D NO: 63) and GCUGGCCUGAGGAG. (SEQ ID NO:
64)

The m'ultimrgcting interfcring RNA molecule of any onc of claims 1 to 17, whercin
consists essentially of a nucleotide sequence sclected from the group consisting of:
AGTGACTGTCAC (SEQ ID NO: 13, CUG(ICUCGCCCA(’% (SEQ ID NO: 19),
CUCCACAUCCAC (SEQ TD NO: 20), GCTGGTTTTGCGATTCY (SEQ ID NO:
33), TGGTTTTGCGATTCT (SEQ ID NO: 35), ACTCCC(,Z’I‘G (SEQ ID NO: 41),
CGCCTGGAGCCCT (SEQ ID NO: 61) and CTCCTCGGCCAGC. (SEQ ID NO:
62)

The multitargeting interfering RNA molecule of any onc of claims 1 to 17, consisting

essentially of:

5 ¢ sCGAGUGACACUCACUAGCUCC-3 ' ISEQILNOU: 3

3 _UAGCUCACTIGUCAGUCAUCGA S5 (SEQ I NO:4):

276 - -
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5’ - UCGAGUCACAGUCACUAGCUC -3 ' (SEQ ID NO: 7y
3 CQUACCUCACUGUCACUGAUCG S (SE0 1D NO: K.

5 b~ UCGAGUGACAGUCACUAGCUCC=3* (SEQ 11 NO: 11)
3 ' ~CURAGCUCACUGUCAGUGAUCGA-5 " (SEQ LU NO- [7);

5 ~CCAGUGACAGIUCACUAGCUCC -3 ' (SEQ ID NO): 3)
3 —UAG{UUCAL:U(‘:UCAGUGAUCGA—5 ' (SEQ ID N0 14);
Y ‘
S UCCACUGACAGUCACUAGUUC 3 (SUQ D NO: 15)
37 -CUAGCUCACUGIICAGUGAUCG -5 ¢ (SEQ I NO: R):’

5 -CGACUGACAGUCACUGAUUCE -3 7 (SEQ I NO: 16)
5 3'-CUAGCCACUCUCAGUGAUCGA-S * (SBQ W NO: 17);

5" —~GAUCGAGUGACAGUCACUACCUC -3 * (SEQ ID NO: 65)
3 -CUACCUCACUGUCACUGAUCG 5 1 (310 IDNO: 8):

20 5' CCUCACAGGGGEAGUUGUGLEE -3¢ (SEQ D NO: 57)

3 ' -UCGGAGUCUCCCCUCAACACG-5 7 {SRQ 1D NO: 58); and

5 ' -CCUCACAGGCBAGUUGLIGOUU-3 * (SEQ 11 NO: §9)
3’ -UUGGAGUGUCCCCUCAACACG-5" (SBQ ID NO: 60);

25 46.  Abiological systern comprising a multitargeting interfering RNA molecule

comprising Forimula (I):

5p-XSY-3
37~X’S,Y,_p—51
wherein p consists of a terminal phosphate group that is indcpendently present

30 or absent;

wherein S consists of a tirst nucleotide sequence of a length of about 5 to
aboul 20 nucleotides that is completely complementary to a first portion of a [irst
binding sequence, and 8* consists of a second nucleotide scquence of a lenpth of

ahoul 5 to about 20 nucleotides that is completely complementary to a first portion of
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asccond binding scquence, wherein said first and second binding sequences are
present in distinct genetic contexts in at lcast one pre-sclected target RNA molecule,
and wherein S and 87 are at least substantially complementary Lo each other but are

not palindromic;

‘wherein X, X', Y, or Y, is independently absent or consists of a nucleotide

sequence;

whercin XSY iy at lcast partially complementary to the first binding sequence

to ullow stable inleraction therewilh;

wherein Y'S'X’ is at leust partially complementary to the sccond binding scquence to
allow stable interaction therewith and is at least partially complementary to XSY to

form a stable duplcex therewith. -

‘The biological system of claim 46 being a virus, & microbe, a cell, a plant, oran
animal.
A veclor comprising a nucleotide sequence that encodes the multitargeting interfering

RNA molecule comprising Formula (I):

5 p-XSY-3
3-X°§Y’-p-5’

‘wherein p consists of a terminal phosphate group that is independentlly present

or ahsent;

t

wherein S consists of a first nucleotide scquence ot a length of about 5 Lo
about 20 nuclcotides that is completely complementary (o a first portion of a first
hinding scquence, and S’ consisly of a second nucleotide sequence of a length of
about 5 to about 20 nucleotides that is completcly complemuntéry to a first purtion of
a ﬂeumd binding sequence, wheremn said first and second bibding sequences are
prebmr in distinct genctic contexts 1 at feast one pre-selected target RINA molu.ul
and whercin S and 8" are at Icast substantially complcmmtmy to euch other but are
not palixxdt'orhic;

T8 - -
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wherein X, X', Y, or Y', is independently absent or consists of a nuclcotide

sequence;

wherein XSY is at least partially complementary 1o the firsc binding sequence

to allow stablc interaction therewith;

wherein Y'S'X is at least partially complementary to the second binding sequence Lo
allow stable interaction thercwith and is at least pattially cnmplefnenlury lo XSY to

form a stable duplex therewith.
The vector of claim 48 heing a viral vector.

The vector of claim 49 that is derived trom a virus selected from the group consisting,
of an adeno-associated virus, a retrovirus, an adenovirus, a lentivirus, and an

alphavirus.

A cell comprising a veetor wherein the vector comprises a nucleotide scquence that

encodes the multitacgeting interfering RNA molecule comprising Formula (); .

5pX S Y-3'
3 XS Y p-5

whercin p consists of a terminal phosphate group that is independently present

or absent;

wherein S consists of a first nucleotide sequence of a length of about 5 to
ut 20 nucleatides thal is completely complemeatary to a first portion of # first

binding scquence, and S consists of a second nucteolide scquence of a length of

about 5 to about 20 nucleotides that is cornpletely complementary to a first portion of

a second binding sequence, wherein said first and second hinding sequences arc

present in distinet genetic contexts in at least one pre-selected targct RNA molecule,
and wherein § and §" are ut least substantially complementary to each other but arc

not palindromic;
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wherein X, X', Y, or Y', is indcpendently abscnt or consists of a nucleotide

scguence:;

wherein XSY is at least partially complementary Lo the first binding scquence

to allow stable interaction therewith;

wherein Y’S’X" is at least partially complementary to the sccond binding sequence to

allow stable interaction thetewith and is at Jeast partially complemcntary to XSY to

form a stable duplex therewith.

The multitargeting interfering RNA molecule of any one of claims 1 (0 44 wherein the

molecule is a short hairpin RNA molecule.

A vector for a short hairpin RNA molecule wherein the short hairpin RNA molecule

is a multitargeting interfering RNA comprising Formula (1):

5p-X S Y-3
3-X'S"Y'-p-5

wherein p consists of a terminal phosphate group that is independently present

or ahsent;

wherein at least one of the terminal phosphate groups is absent and the strand

XSY is linked to the strand Y'S$'X’ 3’ 105 or 57 to 3 via a linker;

whercin S consists of a first nucleotide sequence of a length of about 5 to
about 20 nucleotides that is completely compleméntary to a first portion of a first
binding sequence, and S' consists of a second nucleotide sequence of a tength of
about 5 1o about 20 nucleotides that is completely complementary to a first portion of
a second binding scquence, whercin said first and sccond binding scquences are
present in distinct genetic cuntexts in at least one pre-selected target RNA molccule,
and wherein $ and S are at least substantially cnmplcmcntéry to each other but arc

not palindromic;

--80--



10

20

[ S8

N

WO 2007/056829

55.

56.

59.

J&) 5207

wherein X, X7, Y, or Y7, is independently abscnt or consists of @ nucleotide

sequence;

wherein XSY is at least parlially complementary to the first binding scquexice

to allow stable interaction therewith;

wherein Y'S'X" is at lcast partially complementary Lo the second binding scquence (o

allow stable interaction thercwith and is at least partially complementary 10 XSY o

form a stable duplex thercwith..

A cell comprising the vector of claim 53.

i

A pharmaceutical composition comprising a multitargeting interfering RNA molecule

of any one of claims 1 to 45 und an acceptable carrier.

A pharmaceutical composilion comprising a vector of any onc of claims 48 to 50 and

an acceptable carrier.

A pharmaceutical composition comprising a vector ol claim 53 and an acceptable

carrier.

A method of inducing RNA- interfcrence in a biologicul system, comprising the step of
introducing a multitargeting interfering RNA molccule of uny one of claims I to 45
into the bivlogical system wherein the RNA molecule contacts target RNA and
inhibits target RINA activity.

A methaod for designing a mullitargeting interfering RNA molecule, comprising the
steps of:

a) selecting one or more target RNA molecules, whercin the modulation in

cxpression of the target RNA molccules is desired;

b) obtaining at least one nucleotide sequence for each of the target RNA
molccules; ,

c) sclecting a length, n, in nucleotides, for a sced sequence, wherein n = about 6

oI more; '
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d) obtaining a collcction of cundidate seeds of the length n from cach nuclcotide
sequence obtained in sfep b), wherein a candidate secd-and its complete complement
are nol palindromic, and the candidate sced occurs at least once in ane or more of the
nucleotide sequences obtained in step b), and ils complete complement occurs atl Jeast
once in one or more of the nucluet.)lidc sequenccs obtained in step 5);

c) detcrmining the genelic context of each of the candidate seed and ils complete
complement, by collecting, for cach oceurrence of the candidate sced and its complete
complement, a desired amount of the 57 and 37 [lanking sequence; .

f‘)~ selecting 4 seed of the length n from the group of candidate soeds;

) sclecting a first consensus targel scquence, which comprises the secd and a
consensus 3’-flanking sequence to the seed determined {rom the sequences oblained

in step b);

'h)  selecting a second consensus target sequcnce, which comprises the complete

complement of the sccd and a consensus 3'-flanking scquence Lo the complete

complement of the seed delermined from the sequences oblained in step b);

) oblaining a first strand sequence, which comprises the first consensus target.

séquencc sclected in step g) and, adjacent to and conmected with the 57-end of the first
cnnsénsus target sequence, a complerment of the consensus 37 flanking scquence, of
step h);

9. obtaining a sccond strand sequence which comprises the second consensus
target sequence selected in step h) and, adjacent to and connected with the 57-end of
the second consensus target scquence, u complement of the conscnsus 3 flanking

sequence of step 8), and;

k) designing a multitargeting interfering RNA molecule comprising a first strand

having the [irst sttand scquence in slep i) and a sccond strand having the second

strand scgquence obtained in step ).

The method of-claim 59 whetein the step of oblaining a collection of candidate seeds

of the length 12 comprises the sieps of:

i peneraling a first collection of scquences of the length n from each of the '
nucleotide sequences obtained in step b) of claim 59, using a method comprising the

steps of:
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{) beginning at a terminus of each of the nuclcotide sequcnce;
2) sequentially obscrving the nucleotide scquence using a window size of n; and
3) stepping along the nucleotide sequence with u slep size of 1;

i) gencrating a sccond collection of sequences each of which 1s completely

complemcentary to a scquence in the first goliection; and

i) obtaining the collection of candidate seeds of the length s from the inspection
of the firsL and the second coflections of sequences, whercin a candidate seed and its
complete complement are not palindromic, and each candidate sced and its complete
complement occurs at least ance in the nucleotide sequences obtained in step b) of

claim 59.

The method of claim 59 wherein the step of obtaining a collection of cundidate seeds

of the length a compriscs the steps of:

i) obtaining the completely complementary sequence for each nuclentide

sequence obtained in step (b) of claim 59;

1) generating a first collection of seguences of the length it fromeach of the
nucleotide sequences obtained in step b) of claim 59.and a sccond collection of
sequences of the length n from cach of the completely complementary sequenccs

obtained in step (1), using a method comprising the steps ol

13 hoginning at a terminus of the nuclcotide sequence of each of the nuclcotide

sequences oblained in slep b) of claim 39 or each of the completely complementary

scquences obtained in step (i);
2) sequenlially observing the nucleotide sequence using a window sizc of n; and

3) slepping along the aucleotide sequence with a step size of 1; and
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iii)  obtaining the collection of candidate seeds of the lenglh n [rom the inspection
of the first and the scoond collections of sequences, wherein a candidate seed and its
complele complement are not palindromic, and cach of the candidate seeds is present

in both the first and the second collections of sequences.

The method of any one of claims 59 Lo 61, wherein the step of selecting a group of

candidate seeds comprises the step of discarding any sequence of the fength 7 that
i) is composed of a consccutive string of § or morc identical single nucleotides;
i) is composed of only adenosine and uracil;

iit) js predicted to occur with unacceptable high (requency in the non-target

transcriptome of interest;

v) is predicted to have a propensity to undesirably modulate the expression or

acti'vity of one or morc ccllular component;

v) i any combination of i) to iv); or

vi) is palindromic.

‘The method of any one of claims 59 Lo 62, wherein cach of the steps of selecting a

first and a second conscnsus target scquence comprises the step of discarding any

sequence that

i) iscomposed of only a single base;

i) is composed of only adenasine and umci];v

111) has a conseculive strny of five or inorc base.g which are cylosine;

iv) is predicted 10 occur with unacceptable high frequency in the non-target

transcriptome of interest;
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v) is predicted to have a propensity to undesivably modulate the expression or

activity of one or morc cellular compaonent; or
vi) is any combination of i) to v).

The method of any one of claims 5910 63, further comprising the step of modifying

the multitargeting interfering RNA molccule,

i) to improve the incovporation of the [irst and the second strands of the
multitargeting intcrfering RNA molecule into the RNA induced silencing complex

(RISCY;

i) to increasc or decrease the modulation of the expression of at lcast one target

RNA molecule;

i) 10 decrease stress or inflammatory response when the multitargeting

interfering RNA molccule is administered into a subject;
v) to alter half fife in an expression systém; or

v) any combiuation of i) 1o iv).

~The method of any one of clains 59 to 64, further comprising repcating the sleps ¢) to

k) of claim 59 with a new valuc of n.

The method of any one of claims 59 to 65, further comprising the steps of making the
desipned multitargeting interfering RNA molecule and testing it in an expression

system.

The method of claim 59, wherein in the step of sclecting a first consensus target
sequence, the consensus 3’ [lanking sequence to the secd comprises a sequence that is
at least partially identical to the 3’ flanking sequence to the sced in at least one

sequence obtained in step b) of claim 59.
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The method of claim 67, wherein the consensus 3’ -flanking sequence to the seed
comprises a seguence that js identical to the 3" flanking sequence to the seed in al

feast one sequence obtained in step b) of claim 59.

‘Ihe method of claim 59, wherein in the step of selecting a second consensus target
sequence, the consensus 3' Manking sequence to the complete complement of the seed
comprises a sequence that is at least parlially ideatical to the 3’ flanking sequence to
the corr;plele complement of the seed in at lcast one sequence obtained in step b) of

claim 59,

The method of claim 69, wherein the consensus 37 lanking sequence to the complete
complement of the seed comprises a sequence that is identical to the 3'-flanking

sequence to the seed. in the scquences obtained in step b) of claim 59.

The method ol claim 39, wherein in the step of obtaining a first strand sequence, the
complement of the consensus 37 flanking sequence is a complete complement of the

qonsénsus SSJ’iflankih'g 'scquence of step h) of claim 59.

“The method of claim 59, wherein in the step of obtaining u sccond strand sequence,

the complement of the consensus 3° tlanking sequence is a complete complement of

the consensus 3* (lanking sequence of slep g) of claim 59.

The method of claim 59, whercin in the step of designing a multitargeting intcrfering
RNA molecule, the first strand and the second strand are complcetely complementary

to.each other, excepting the overhangs if present.

nethod 1 39, wherein in the step of designing » multitargeting interfering

RNA molccule, the first strand and the second strand arc incompletely complementary

to cach other.

A melhod of treating 4 subject, comprising the step of administering 1o said subject a
therapeutically effective amount of a pharmaceutical composition comprising a

multitargeting intcrfering RNA molecule of any one of claims | to 45.

S 80 - -
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“the methad of claim 75, Turther comprising administering o said subject a

therapeutically effective amount of one or more additional therapeultic agenls.

A method of inhibiting the onset of a diseasc or condition in a subject, comprising
administering to said subject a prophylactically efféctive amount af a pharmaceutical
composition comprising at least one multitargeting interfering RNA molccule of any

one of claims 1 to 45.

A process for making a pharmaceutical composition comptising mixing a
multitargeting interfering RNA molecule of any one of claims L to 45 and a

pharmaceuticully acceplable carrier.

A method of introducing a multitargeting interfering RNA molecule comprising

Formula (1) into a cell comprising the steps of:
i) generaling @ multitargeting interfering RNA molecule comprising Formula (I)

5'-p-X 8 Y-3’
3.X'8 Y p-5"

wherein p consists of a terminal phosphate group thal is independently present

or absent;

wherein S consists of a first nucleatide sequence of « length of about 5 to
about 20 nucleotides that is complctely complementary to a first portion of a first

hinding sequence, and S congists of a sccond nucleotide sequence of a length of

about 5 1o about 20 nucleatides that is compiciely cuinplementary to a first portion of
a second binding scquence, wherein said first and sccond binding sequences arc
present in distinct genetic contexts in at least onc pre-selected target RNA molecule,
and whercin S and S are at least substantially complementary to ach other but are

nol palindromic;

wherein X, X7, Y, or Y’, is independently absent or consists of a nuclevlide

seguence;

N
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wherein XSY is at-least partially complementary to the first hinding sequense’

10 allow stable interaction therewith;

wherein Y'$’X" is at least partially complementary to the second binding
scquence lo allow stable interaction therewith and is at least partially complementary

10 X8 (o torm 4 stable duplex ' therewith; and
i) contacting the multitargeting interfering RNA molecule with a cell.

80.  'The method ol claim 79 wherein the multitargeting interfering RNA is cocoded by
DNA.

81.  'The mothod of claim 79 wherein the RNA is encoded by a DNA or RNA vector.

82. The method of claim 79 wherein the contacting step [urther comprises the step of

inlroducing the RNA molccule or an RNA molecule encoded by a DNA or RNA vector into

the cell.
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Tnepll coplrmant
CORFHIR (=)
CQREHIA(+),

Gluchp mRINA
5 CAUUCUUCCA G ¢

3 ug G

ClK: CUCCRCAUCCACCCCAC
GAC GARCTUGUAGELRGGCUG

CODEMIR(+)

Figure 2
A

vludhp  5' GAUYCUUCCACUGUCUCCACAUCTREUCCACUGGALVCUUGA 3¢
1appli Fomplement 5 ArCRUCCECCCACTRUCCACAUCCACUUUCAGCGNRAACIHT 4

CANFEMIR (=} S CACCCUROACAUCCACCCCACAL 3

GOREMIR{+} 17 UGGULGOMGGUGUABQUECAGUG 5°

Gluctp mRNA
S* GALUCUY GG UuGGAUCUULA 3¢
CCACU  CUTCACAUCCACCCCAC '
GUUGE  GAGRUGUAGCURGGGUG
3-y 5
CODEMIR{+)
thpp!l mRNA
3 AAGUUCACGCUGS AGC GECGGCUGGU 3¢
[o{v] QUGGAUGUWGRGCGUG
GAC CACCUACACCUCCOAC .
3 ACCC 5
CODEMIR(-)
8

Glucép  I'GAUUCUUCCACUGGEVCCACAUCCACCCCACUGRAUCUUCA 37

A TACCAGCCGOCACCCUCCACALKICACHCYCAGCRUGARC YU 3 ¢

G U,
5’ CNECCUCCACAUCCAC € ACAG 3¢
3¢ UGG COAGGURUAGQUECEHEUG s!
AC .

UUGGAUCTUCA 3°

5

inpplt MRNA

N ARGUUCACGCUGG . GECEGeUCal 3¢
QU AWCAUGGRYOUBAAGGEUG
GAC UCGCALCURCACCUCSCCAC

A 5

CODEMIR{-)

.3
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SEQUENCE LISTING
<110> Johnson & Jeohnson Research ﬁty timited

«120> Multitargeting Interfering RNAs Having Two Active strands and
. Methods for their Design and Use

<130> 3&35207

<140> nat known
<1l41> 2006-11-21

<150> us 60/738,441
<151> 2005-11-21

<150> Uus 60/738,640
<151> 2005-11-21

<160> 67

<170> PatentIn version 3.3

<210> 1 -

<211> 12

<212> DNA

<213> artificial

<220>

<223> oligonucleotide

<400> 1

agtgactgtc ac ) 12
<210> 2

<211> .12

<212> RNA

<213> artificial

<220> . ’ .

<223> complementary oligonucleotide

<400> 2

gugacaguca cu 12
<210> 3

<211> 21

<212> RNA
<213> artificial

#

<220> . i

<223> 1ICAM gquide oligonuclectide

<400> 3

cgagugacag ucacuagcouc < 21
<210> 4

<211> 21

<212> RNA

<213> artificial

<220> . ]

<223> VEGF Guide oligonucleotide

<400> 4

agcuagugac ugucacucga u 4 21
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<210> 5
<211> 22
<212> RNA
<213> artificial
220> .
«223> VEGF binding oligonucleotide

<400>

5

gaucggugac agucacuagc uu

<210>
<211>
<212>
<213>

<220>
<223>

<400>

6

25

RNA »
artificial

ICAM binding oligonucieotide
.

cggggaauca gugacuguca cucgaA

<210>
<211>
<212~
<213>

<220>
<223

<400>

7

21

RNA
artificial

ICAM guide oligonucieotide
7

ucgagugaca gucacuagcu ¢

<210>
<211>
<212>
<213>

<220>
<223>

<400>

8

21

RNA
arcificial

VEGF Guide oligonucleatide

8

gcuagugacy gucacucgau ¢

T <210>

«211>
<212>
<213>

<220>

<223> .

<400>

9

22

RNA
artificial

VEGF binding cligonucieotide
9

Ugaucgguga cagucacuag cu

<210>
<Z211>
<212>
<213>

<220>

<223>.

10

25

RNA .
artificial

ICAM binding oligonucleotide
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<400>

10

ggggaaucag ugacugucac ucgag

<210>

<211>
<212>
«213>

<220>
<223>

<400>

i1

22

RNA
artificial

TCAM guide oligonucleotide

11

ucgagugaca gucacuagcu cc

<210>

<211>
«212>
<213>

<220>
<223>

<400>

17

22

RNA .
artificial

VEGF Binding oligenucleotide
12 )

agcuagugac ugucacucga uc

<210>
<211>
<212>
<213>

<220>
<223>

<400>

13

26

RNA
artificial

1cam binding oligonucleotide
13

cggggaauca gugacuguca cucgag

<210
<211>
<212>
<213>

<220>
<223>

<400;

14

21

RNA
artificial

VEGF Guide oligonucleotide

14

agcuagugac ugucacuuga u

<210>
<211
<212>
<213>

<220

<223>
<400>

15

21

RNA
artificial

ICAM guide oligonucleotide
15

ucgagugaca gucacuaguu ¢

<210>
<21l>
<212>
<213>

16

21

RNA
artificial

" page 3

PCT/AU2006/001750

25

22

22

26

21

21



WO 2007/056829 PCT/AU2006/001750

<220> . . .
<223> I1CAM guide oligonucleotide
" <400> 16 .
cgagugacag ucacugauuc < ) 21
<210> 17
<211> 21
<212> -RNA )
<213> artificial
<220> . . : .
<223> VEGF guide aligonucleotide
<400> 17 .
agcuagugac ugucaccgau ¢ . ) 21
<210> 18
<211> 23
<212> RNA
<213> artificial
<220> .
<223> ICAM binding oligonucleotide
<400> 18
gggaaucagu gacugucacu cga 23
<210> 19
<211> 13
<212> RNA )
<213> artificial
<220> .
<223> oligonucleotide in glucose-g-phosphatase and Inppll
<400> - 19 S ‘
cugccucgee cag . . ) ) 13
<210> 20
<21l> 12
<212> RHNA
<213> artificial
<220>
<223> oligonucleotide in glucose-6-phosphatase and Inppll
<400> 20
cuccacaucc ac 12
<210> 21
<21l> 13
<2125 RNA
«213> artificial
<220>
<223> oligonucleotide complementary to SEQ ID NO:19
<400- 21 .
cugggcgagg cag 13
<210> - 22
<21ls 12
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<212> RNA
<213> artificial

<220> ]
<223> oligonucleotide complementary to SEQ ID NO:Z20

<400> 22
guggaugugg ag

<210> 23

<211> 39

<212> RNA

<213> artificial
.<220>

<223> Gluchp oligonucleotide:

<400> 23
gugucauccc cuacugecuc geecaggucc ugggecage

<210> 24

<211> 39

<212> RNA

<«213> artificial

«220> .

<223> Inppll complement oligonucleotide
<400> 24-

caggcacuca ugccugccuc geecageceg cuggeeege

<210> 25
<211> 21
<212> RNA

<213> artificial

<220> _
<223> 1Inppll targeting strand

<400> 25
“augccugecu €geccaggue ¢

<210= 26

<211> 21

<212> RNA .

<213> artificia

<220>

<223> Gluc6p targeting strand
<400> 26

ggaccugggc gaggcaggea Uu

<210> 27
<211l> 41
<212> RNA

<213> artificial

<220>
<223> Gluctp oligonuclcotide

<4Q0> 27
galucuucca Cuggeuccac AUCCacccca cuggaucuuc a
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41



WO 2007/056829 ) V PCT/AU2006/001750

<210> 28
<211> 41
<212> RNA
<213> artificial

© <220> ' . .
<223> Inppll complement dligonucleotide
<400> 28
accageegec cacccuccac auccacgcuc 'agegugaacy u 41
<210> 20
<21l> 21

. <212> RNA

<213> artificial

<220> ) :

<223> 1Inppll targeting strand

<400= 29

cacccuccac auccacceca ¢ ’ . 21
<210> 30

<211> 21

<212> RNA
«213> artificial

<220~ )

<223> Gluckp targeting strand

<400> 30 - :

guggggugga uguggagggu ¢ 21
<210> 31

<211> 83

<21Z2> DNA

<213> artificial

<220> - _

<223> HIV seed oligonucieotide

<400> 31 . : .

tctaattcca ataattcrtg ttcattettt tottgetggt tttgcgattc ttcaattaag 60
gagtgtatta agcttgtgta atrt 83
<210> 32

<211> 83

<212> DNA )

<213> artificial

<220> .

<223> H1v complementary oligonucieotide

<400> 32 ‘

ctttgagcca attcccatac artatigtge cccggetggr tttgcgatte taaaatgtaa - 80
taataagacg ttcaatggaa cag . ' 83
<210> 33

<211> 17

<212> DNA

<213> artificial
rage 6
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<220>

<223> HIV seed sequence

<400> 33

gcrggttttg cgattct i 17
<210> 34

<211> 17

<212> DNA
<213> artificial

<220>
<223> HIV seed complementary sequence

<400> 34

agaatcgcaa aaccagc . 17
<210> 35

<211> 15

<212> ONA

<213> artificial

<220> ’ ’

<223> .modified seed sequence

<400> 35

tggttrtgcg attct . 15
<210> 36

<211> 15

<212> DNA )
<213> artificial

. <220> .
<223> modified complementary.sequence

<400> 36 .

agaatcgcaa aacca : 15
<210> 37

<211> 21

<212> RNA o
<213> artificial

<220> )
<223> viromir duplex sequence
<400> 37

J
$u2

ugcugguuuu gcgauucuaa a

<210> 38

<211> 21.

<212> RNA

<213> artificial

<220> .

<223> Vviromir targetting sequence

<400> 38 )
uagaaucgca aaaccagcaa g . 21
<210> 39
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<211l> 66

<212% DNA

<213> artificial

<220> . .

<223» shRNA viromir

<400> 39

gatccgetty ctggrrttgc gattctaact cgagatagaa tcgcaaaacc agcaagtitt 60
Ttggaa 66
<210> 40

<211> 66

<212> DNA

<213> artificial

<220>

<223> shRNA complementary strand

<400> 40 o :

agctttccaa aaaacttget ggttrtgcga ttctatctdg agttagaatc gcaaaaccag 60
caagcg . . ' 86
210> 41

<211> 9

<212> ONA .

<213> artificial

<220> .

<223> seed sequence 1n HCV-and TNFalpha

<400> . 41 .

actceectg . - 9
<210> 42°

<211> 15

<212> DNA

<213> artificial

<220> .o

<223> extended seed sequence

<430> 42 . )
actcccctgt gagga ' . 15
<210> 43

<211> 15

<212> DNA

<213> artificial

220>

<223> extended seed sequence

<400> 43

actccectga cgeey ’ 15
<ZiO> 44

<211> 686

<212> DNA,

<213> artificial

<220>
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<223> HCV with sced.sequence

<400> 44

Tgatggygyycr gacactccac catgaatcac tccectgtga ggaactactg tcttcacgea 60
gaaagc : ’ 66
<210> 45
<211> 66

<212> DNa
<213> artificial

<220>

<223> TNFalpha seed sequence

<400> 45 :
gacagtgagt aacgactcgg agacgagggg tcccctcaac acagacatta gcgggatgat 60
aagtca ' 66
<210> 46

<211> 9

<212> RNA
<213> artificial

<220>
<223> HCV seed sequence
<400> 46
caggggagu ‘ 9
<210> 47
<211> 14 ,
<212> RNA
<213> artificial
<220
<223> HCV seed sequence
<400> 47
ccucacagag gagu : 14
<210> 48
<21l1> 19
-<212> RNA
<213> artificial
<220> .
<223> ‘TNFalpha seguence
<400> 48 .
ccucacaggg gaguugugu 19
<210> 49
<211> 19
<212> RNA
<213> artificial
<220>
<223> TNrFalpha complement sequence
<400> - 49
acacaacuce ccugugagg : 19
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<210>
<211>
<212>
<213>

<220>
<223>

<400>

50

33

RNA
artificial

guide strand sequence

50

gacacuccac Caugaaucac uccccuguga gga

<210>
<211>
«212>
«213>

<220>
<223>

© <400>

51
27

.RNA

artificial

TNFalpha guide sequence
51

gccucugeuc cccaggggag uuguguc

<210>
<21l>
<212>
<213>

<220>
<223>

<400>

§2

20

RNA
artificial

HCV extensiaon seguence

52

uccucacagg ggaguugugu

<210>
<211>
<212>
<213>

<220>
<223>

<4005

53

20

RNA . -
artvificial

HCV guide sequence

53

aggaguguce ccucaacaca

<210>
<211>
<212>
<213>

<220>
<223>

<400>

54

19

RNA
artificial

alternative THNFalpha sequence

54

ccucacaggg gaguugugc

<210>
<211>
<212>
<213>

<220>
<223>

55

19

RNA
artificial

alternative TNFalpha complementary strand seguence
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<400>- 55
gcacaacucc ccugugagyg : 19
<210> 56
. <211> 36
<212> RNA
~<213> artificial
<220>
<223> HCQV strand sequence
<400> 56
ggcgacacuc caccaugaau cacuccccug ugagga 35
<210> 57
<211> 21
<212> RNA
<213> arrificial
<220> -
<223> HCV sequence
<400> 57
ccucacagygg gaguugugcce € ) 21
<210> 58
<211> 21
<212> RNA
<213> artificial
<220> .
<223> HcV complementary strand sequence
<400> 58 '
gcacaacucc ccugugadgc u ) 21
<210> 59
«211> 21
<212> RNA
<213> artificial
<220>
<223> extended sequence of SEQ ID NO:57
<400> 59.
_ccucacaggg gaguugugcu u 21
<210> 60
<211> 21
<212> RNA
<213> artificial
«220> . '
<223> extended SEQ ID NO:58 sequence
<400> 60 : ‘
gcacaacucc ccugugaggu u . _ 21
<210> 61
<211> 13
<?212> DNA

<213> artificial
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<220>
<223> alternative seed sequence
<400> 61
cgcetggage et ) ) 13
<210> 62
<211> 13
<212> DNa
<213> artificial
<2205 )
<223> alternative seed sequence
<400> 62
ctccteggec age ) 13
<210> 63
<211> 13
<212> RNA,
<213> artificial
<220> _ _
<223> seed of multitargeting interfering RNA duplex
<400> 63
agggeuccag gcg. o 13
<210> 64
<211> 13
<212> RNA
<213> artificial
<2205 .
<223> seed of synthetic multitargeting interfering RNA duplex
complement
<400> 64
gcuggccgag gag . 13
<210> 65
<211l> 23
<212> RNA
<213> artificial
<220> '
<223> TICAM mRNA binding (RNA hybrid)
<400> 65 '
gaucgaguga cagucacuady wuc 23
<210> 66
<211> 26
<212> RNA
<213> artificial
<220>
<223> ICAM mRNA binding sequence
<400> 66 ‘ .
- ggggaiucag ugacugucac ucgaga . 26
<210> 67

' pPage 12



WO 2007/056829

<211>
<212>
<213>

<2205

<223>
<400>

23

RNA

artificial

VEGE binding sequence

67

ugalcgguga cagucacuag cuu
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