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MULTITARGETING INTERFERING RNAS AND METHODS OF TIHEIR USE AND
DESIGN

CROSS REFERENCE TO RELATED APPLICATIONS
Thig application claims the benefit of US Provisional Patent Application Nos. 6(/738,441 -
filed November 21, 2005 and 60/738,640 filed November 21, 2005, respectively, which are.

incorporated hetein by reference in theiv cutirety.

FIFLD OF THE INVENTION

The present invention concerns methods and reagents useful in modulating gene
expression. Particulurl y, the invention relates to modulating gene eXprcssioﬁ using u
multiturgeting interfering RNA molecule that targets multiple target sitt;:s 0D VNE OF MOre Pre-

sclected RNA molceoules. |

BACKGROUND OF THE INVENTION
RNA interference (RINAIGY is a diverse, evolutionarily conserved mechanism in eukaryotic

cells, which mhibits ihe ranscription and (ranslation of target genes in a sequence-specific

manner, Il is now known that single and double-strunded RN A ¢can modulate cxpression of or

modify proccssing of target RNA molecutes by a number of mechanisms. Some such
mechanisms tolerute :voar'iaticm in lhe amount of sequence complementarity required botween the
modulutory {or interfering) RNA and the target RNA. Certain microRNAsg can lﬁmslationaﬂy
I‘L[)Iebb tdrget MRNA having as little as 6 nucleotides of commplementarity with the rmcroRNA
The clcwlopmtmt ot RNA interfering agents, for example, nsing double-stranded RNA to Fepress
expicssmn of disease-rclated genes is currently an area of intense research activity,
Double-stranded RNA of 19-23 hascs i length is recognized by an RNA inlerference
silencing complex (RISC) into which an eftector strund (or “guide strand™) ot the RNA is loaded.
This guide '::ll'dﬂd acts as a template for the recognition and destruction of hi ghly complementary
sequchees present in the transcriptome. Alrpmduvely, through the recognition and binding of
RNA sequences of lower complementarity, iterlenng RNAs may induce transiational repression

without mRINA degradation, Such translational repression appears to be a mechanism of action

-1 -
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of endogenous microRNAs, a group of short nan-coding RNAs involved in differentiation and
development, |

Efforts at irnplementing interfering RNAs therapeulically thus far have tocused on
producing speeific Jouble stranded RNAs, each with complete complementarity to a particular
target transeript. Such double-stranded RNAs (dsRNAs) arc polentially effective where a single
suitable target can be identified, however, dsRNAs, particularly those designed against onc
target, may have at lcast two oﬁtegdrias of off-target side cffects Lthal need to be avoided or
minimized. Undesirable side effeels can antse through the triggering of innale immune responsc
pathways (e.g. Toll-like "Rcccptc:r 3; 7. and 8, and the so-called interferon response) and through
inadvertent inhibition of protein expression from related or unrelated transcripts (cither by RNA
degradation, translational repression or other 111qchani$1lls). Some bioinformatic and/d
experimental approaches have been developed to try to minitnize o[fé'tatrget effects. Algorithing
f;m'._ in silico hybridization arc known, and others have been developed for predicting target
accessibility and loading bias in an effort (o eliminate or minimize side-elfects while maintaining
effectiveness.

Several double-stranded RNA molccules {or potentially treating huinan diseases of viral
and nonviral origin are in various stages ol development. The discascs include Age-related
Macular Degeneration, Amyotrophic lateral Sclerosis (ALS), and Respiratory Syncylial Virus
(RSV) infection. These RNA molecules, however, are designed to target only a single site in an
RNA scquence. Although RNA interference may be useful and potent th obtaining knock-down
of specific gene products, muny diseases involve complex inleractions between antologically-

unrelated gene products. Multiple putative targets can be identified for u single disease.

Altemnpts to confirm that inhibiting these Lurgets one by one is therapeutically valuable have been

disappointing. Indeed, obtaining thetapeutic effectiveness is proving 1o be extremely
challenging, probably because ot multiple lovels of redundancy in most sigoaling pidthways. For
example, many disorders, such as cancer, type 2 diabeltes, und atherosclerosis; feature multiple
biochemical abnormalities. In addition, some putative turgets may be subject to enhunced
mutation rates, thereby negating the eftects of interfenng RNAs on any sich target,

For example, therapeutic approachcs (o viral infections continuc to be major challenges
in agricultare, as well as in animal and human health. The nature of the replication of viruses

makes them highly pliisli(:‘, “moving targets” therapeutically — capable of altering structure,
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infectivity, and host profile. ‘The recent emergence ol viruses such as Severe Acule Respiratory
Syndrome ("SARS") and Avian Influenza Virus (“bird [lu”) exemplity these challenges, Even
well-described viruses such as those involved in Acquired lmmunodcﬁcicnc;’ Syndrome or
AIDS (e.g. Human Ttninunodeficiency Viruses, HIV-1 and HIV-2), continuge to dely efflorts at
treatment and vaccination because of on-going viral mutation and evolution.

Furthermore, although nucleic acid therapeutics such us interfering RNAS are candidates
for virul therapy, in part because modem rapid gene sequencing techniques allow viral genome
sequences to be determined even before uny encoded functions cun be assessed, the error-prone
replication of vi:rusoes, particularly RNA viruses, means that substantial genomic diversity can
arise rapidly in an infected population. Thus (ar, strategies for the development of nucleic acid
therapeutics have largely cenlered on the targeting of highly-conserved regions of the viral
geniomne. 1t is unclear whether these constructs are efficient at treating virat infection or
prevenling emergence of resistant viral clones. |

Therapeutic approaches that involve the design and use of one interfering RNA [or
control of severul key “drivers” of the disease are thus desivable. Therefore, there is a need for
interfering RNAS which can target multiple pre-selected target sequences within one or more
target genes o modulate expression of the turgets, Methods for the design and for making such
therapeutic multitargeting interfering RNAs are also needed. Antjviral inlerfering RNAs that can
be develaped rapidly upon the isolation and identification of ncw viral puthogens and that can be

used to help slow, or cven prevent, the emergence of new, resistant isotypes ure also needed.

SUMMARY OF 'THE INVENTION
Interfering RNA molecules are now designed and produced with specificity for multiple
binding sequences present in distinct genetic contexts in one of more pre-selected target RNA

molecules and arc used 10 decrease expression of the target sequences.

In a first embodiment, this invention relates 1¢ a multitargeting interfering RNA molecule

comprising a4 guide strand of the Formula (1):

5’.p-XSY-3"
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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 about 5 to about 20
nucleotides that 1s al least partially complementary Lo a first portion of each of at least two
binding sequences presenf in distinct genetic contexls in one or more pre-selected lurget
5 RNA molecules; wherein X is absent or consists of a second nucleotide sequence; wherein Y

ts absent or consists of @ third nucleotide sequence, provided that X and Y are not absent
sunultaneously; wherein XSY is at least partially complementary to euch of said binding
sequences to allow a stable interaction therewith.  Preferably S is completely complementary
to the first portion of cach of at least two binding sequences and also preferably, the first

1) portion of cach of at least two binding sequences is a seed scquence. X can consist of one or
two nucleotides and Y can independently be at least partially complementary to a second
porlion of each of the bindi ng sequences, said second portion is adjacent to and connected
with the 5’-end of said fir;;t portion of the binding scquences. Also preferably, S is of a
length ol about 8 to aboul 15 nucleotides. XSY is pr“cfembly of alength of about 17 to about

15 25 nucleotides. Preferably, the multitargeting intertfering RNA molecules of this invention
further comprise a passcnger strand that is at least partiaily complementary (o the guide
strand to allow formation of a stable duplex between the pussenger strand and the guide
strand and these RNA molecules preferably include one or more terminal overhangs and
these overhungs preferably are of between 1 1o S nucleotides. Preferabl y the passenger

20) strund and the guide strand arc completely complementary to cach other. It is possible for
the multitargeting interfering RNA molecules of this invention to larget binding scquences
prescul in distinct genetic contexts in one or alternatively in at least 2 pre-selected targel
RNA molecules. Preferably zttoleasﬂt one of the pre-sclected target RNA molecules is a non-
coding RNA molecule. A]l.gfnutively, at lcast one of the pre-selected target RNA molecules

25 can be a messenger RNA molecule and preferably one or more of the pre-selected target
RNA molecules ure involved in a disease or disorder. Preterably, (he disease is ¢ human
disease. Also preferably, in the multitargeting interfering RNA molecules of this invention,
at leust one of the binding scquences is present in the 3 -untranslaled region (3'UTR)of a

messenger KNA molecule.

30 In this cimbodiment, preferably one or more of the pre-selected target RNA moiecules encode

a protein of a cluss seleeted [rom the group consisting of receptors, cylokines, transcription

4.
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factors, regulatory proteins, signaling proteins, cytoskelelal proteins, transporlers, enzymes,
hormaones, and antigens. Preferably, the one or more of the pre—salec.t,cd target RNA molecules
encode & protein selected from the group consisting of ICAM-1, VE%'.GF-A, MCP-1, IL-8, VEGF-
B, IGE-1, Gluctp, Inppll, bTGE, PIGF, VEGF-C, VEGE-D, B-catenin, K-ras-B, k-ras-A,
FzGFR,Bcl—2._presenilin-l, BACE-1, MALAT-I, BIC, TGH{3, and TNJ alpha. Alsoqpreferahly, |
the multitargeting interfering RNA molecule decreases expression of any combination of VEGE-
A, X-ras and B¢l-2 1n an expression system or alternatively decreases expression of both
MALAT-1 and BIC tn ah expression system or still altermatively decreases expression of hoth
ICAM-1 and VEGF-A in an expression system. Other mullitargetin g interfering RNA motecules
decreasc cxpression of both TGF3 and IL-8 in an expression system or alternatively decreuse
expression of both IL-8 and MCP-1 in an ¢xpression system. The mulliturgeting interferin i
RNA molecules of this invention can also further be munufactured to comprise a guide strand
that forms stable interactions with at least two binding sequences present in distinet genetic

contexts in one or more pre-scleeted target RNA maolccules.

I’referably onc or more of the pre-sclected target RNA molecules is viral RNA., The virus is
preferably selected from the group consisti nng- of a human nmmunodeliciency virus (ITTV), a
hepatitis C viras (TICV), an influenza virus, a rhanovirus, and a severe acute respiratorjz
syndrome (SARS) virus, Where the virus is TTIV, one or more of the pre-selected target RNA
molccules preferably encode an essential protein sclected from the group consisting of € IAG,
POL., VIF, VPR, TAT, NEF, REV, VPU und ENV. Where the virus is TICVY, one or mbre of the

other preselected RNA molecules ¢ncodes TINFaL

In the multilarpeting interfering RNA molecules of this inventon, the molecules preferably
comprise at least one modified ribonucleotide, universal base, acyclic nucleotide, abasic
nucleotide, non-ribonucleotide or combinations thersof. In other aspects of this embodiment, S

consists essentftally of 4 nucleottde sequence selected from the group consisting of:

UAUGUGGGUGGE (SEQ ID NO: 1), UGUUUUG (SEQ 1D NO: 2), ACCCCGUCUCU
(SEQ ID NO: 5), AGCUGCA (SEQ 1D NO: 7), AAACAAUGGAAUG (SEQ ID NO: 8),
GGUAGGUGGGUGGE (SEQ 1D NO: 10y, CUGCUUGAU (SEQ TD NO: 12),
UCCUUUCCA (SEQ ID NO: 13), UUUUUCUUT (SEQ ID NO: 14), TUCUGAUGUUL
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(SEO ID NO: 15}, UCUUCCUCUAU (SEQ 1D NO: 16), UGGUAGCUGAA (STQ ID NO:
7). CUUUGGUUCCU (SEQ D NO: 18), CUACUAAUGCU (SEQ ID NO: 19),
UCCUGCUUGAU (SEQ ID NO: 20), AUUCUUUAGUU (SEQ ID NO: 21),
CCAUCUUCCUG (SEQ D NO: 22), CCUCCAAUUCC (SEQ ID NO: 23),
CUAAUACUGUA (SEQ ID NO: 24). UUCUGUUAGUG (SEQ ID NO: 25),
GCUGCUUGAUG (SEQ 1D NO: 26), ACAUUGUACUG (SEQ ID NO: 27),
UGAUAUUUCUC (SEQ 1D NO: 28), AACAGCAGUUG (SEQ ID NO: 29),

 GUGCUGAUAUU (SEQ ID NO: 30), CCCAUCUCCAC (SEQ 1D NO: 31),
UAUUGGUAUUA (SEQ ID NO: 32), CAAAUUGUUCU (SEQ TD NO: 33),
UACUAUUAAAC (SEQ TD NO: 34), GCCUAUCAUAU (SEQ 11> NO:58),
UGGUGCCUGCU (SEQ ID NO: 59), AAUUAAUAUGGC (SEQ ID NO: 60),

' CCCUCUGGGCU (SEQ ID NO: 61), UUCUUCCUCAU (SEQ ID NO: 62),
UAUUUAUACAGA (SEQ ID NO: 63), CACCAAAAUUC (SEQ ID NO: 64),
UGAGUNNGAACAUU (SEQ 11D NO: 72) where N is any base, CUCCAGG (SEQ 1D NOx;
14y, UCAGUGGG (SEQ ID NO: 76), UCCUCACAGGG (SEQ TN NO: 78),
GUGCUCAUGGUG (SEQ ID NO: 79), CCUGGAGCCCUG (SEQ 1D NO: 80),
UCUCAGCUCCAC (SEQ ID NO: $1), ACCCUCGCACC (SEQ 1D NO: 86),
GUGUUGAAG (SEQ D NO: 88), UUCCACAAC (SEQ ID NO: 90), UCCACUGUC (SEQ
ID NO: 92), CAGAAUAG (SEQ 1D NO: 93), AACUCUCUA (8EQ TN NO: 94) and
CGUGAAGAC (SEQ 1D NO: 98).

In other aspects, § consists essentially of a nucleotide sequence scleeted [rom thegmup
consisting of: UAUGUGGGUGGG (SEQ 1D NQO: 1), UCCUCACAGGG (SEQ 1D HO: 78),
GUGUUGAAG (SEQ ID NQ: 88), UUCCACAAC (STQ ID NO: 90), AACUCUCUA (SEQ D
NO: 94) and CGUGAAGAC (SEQ TD NO: 98). Preferably, S consists essentially of a
nucleotide sequence of 6 or more contiguous bases contained within any of the sequences.

selected from the group consisting of: UAUGUGGGUGGG (SEQ ID NO: 1),

UCCUCACAGGG (SEQ ID NO: 78), GUGUUGAAG (SEQ ID NO: 88), UUCCACAAC (SEQ

D NO: 90), AACUCUCUA (SEQ ID NO: 94) and ('I(:ill('}A AGAC (SEQ 1D NO: 98).
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In yet other aspects, the multitargeting interfering RNA molecule consists essentially of:

5 I

UUCCUCACAGGGCAGUGATUC 3¢

3 'UUAAAGAGUGUCCCGUCACUA 57,

S r

UACAAAUCUACUUCAACAUUD 3

3 "'GUAUGUUUACAUGAAGUUGUG 5,

or

!

5
3

AACAUAUGUUCUUCAACAUUU 3

’GUUUGUAUACAAGAAGUUGUG 5",

(SEQ ID NO: 122)
(SEQ T NO: 124)

ID NO: 131)

(S5EQ ID NO: 132)

(SEQ I'D NO: 133)

(S

EQ ID NO: 134)

Other exemplary toultitargeting intertering RNA molecules include:

5 t

5 N

3 ' (JUACAAAACAACAAUGUAUAC

A
K.

S '
3

5 '

5 |

'UUAUACACCCACCCCACAGAG

UAUGUGGGUGGGUGAGUCUAA 3' (SEQ ID NO: 100)
3 'UUAUACACCCACCCACUCAGA 5',

UGUUUUGUUGUUACAUAUGAC 3
UAUGUGGGUGGGGUGUCUCUA 3 '

UAUGUGGGUCGCGCGCUGGUCUAA 3

' UUAUACACCCACCCCACCAGA Ot

(SEQ ID NO: 101)

(SEQ ID NO: 102)

2", (&

Q0 D NO: 1.03)

(SEQ ID NO: 104)

(S
(SEQ

5', (SEQ ID NO: 105)

TQ ID NO: 106)

LD NO: 107)

UAUGUGGGUGGEGUGRUEUCU 3' (SEQ ID NO: 108)
3 ' UJAUACACCCACCCCACCACA 57, '

UAUGUGGGEUGGGUGAGUGUCU 3

3TUUAUACACCCACCCACUCACA 5,

o

CUCACCCACCCACAUACAUUU 3

3 "CUGAGUGGGUGCGGUGUAUGUA 27,

5 ’

UC ACCCACCCACAUACAUAUY 3/

3 ' UGAGUGGGUGGGUGUAUGUAU .57,

/
5

3 ' UGAGUGGGUGGGUGUIAUGUAA

UCACCCACCCACAUACAUUUU 3

(S

=Q ID NO: 109)

(SEQ 1D NO: 110)
(SEQ ID NO: 111)

(

S

EQ ID NO: 112) .
EQ ID NO: 113}

ID NO: 114)
ID NQ: 115)

(SFEQ ID NO: 116)

57, (SEQ T'h NO: 117)

5" UAUGUGGGUGGGUGAGUCUA 3' (SEQ ID NO: 118)
- 3'TTAUACACCCACCCACUCAGA 2°',

{C"

EQ ID NO: 119)

w2
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5 GRGUUUACCAGGAAGAUGEUU 3! (SEQ ID NO: 120)
3 UACCCAAAUGGUCCUUCUACC 5', (SEQ ID NO: 121)

5 UUCCUCACAGGGCACUGAUUC 3¢ (SEQ ID NO: 122)

5 3 ' UUAAGGAGUGUCCCGUCACUA © 57, (SEQ ID NO: 123)
5! UUCCUCACAGGCECAGUGGEUUC 3' (SEQ ID NO: 125)
3 UUAACGGAGUGSUCCCGUCACCA 5, (SEQ ID NO: 126)

10 5 CCCGGACCCUUACAGAGUUUU 3¢ (8EQ I NO: 127)
3'ACCCGCCUGRGAAUCUCUCAA © 57, (SEQ ID NO: 128)

5/  UACCCUCGCACCGAUCUCCCAA 3’ (SEQ ID NQ:-129)
3 ' UUAUGGGAGCGUGGCUAGAGGG 5, (SEQ ID NO: 130)

15 |
5 UUCCACAACACAAGCUGUGUU 3’ (SEQ ID NO: 135)
3/ UUAACCUGUUGUGUUCGACAC 5/, (SEQ ID NO: 136)
5 GGACCCUUAGAGAGUUUCAUU 3’ (SEQ ID NO: 137)
20 3! GECCUGGGAAUCUCUCARAGY 57, (SEQ D NO: 138)
5 UUCGUGAAGACGGUGGGCCGA 3’ (SEQ ID NOQ: 139)
- 37 dTATAAGCACUUCUGCCACCCGE B7’, (SEQ ID NO: 140)
25 oY

5+ AGACUCACCCACCCAGAUAUU 3¢ (SEQ ID NO: 141)
3 AAUCUCAGUGCGUGGGUCUAU 5¢ (SEQ ID NO: 142)

20 Yet others include:

5'  UAUGUGGGUGGGUGAGUCUAA 3' (SEQ ID NO: 1.00)
3' UUAUACACCCACCCACUCAGA  5', (SEQ ID NO: 101)

G/ CGACCCUUAGAGAGUUUCAUU 3’ (SEQ ID NO: 137)

35 3 GGCCUGCCAAUCUCUCARAGU  5', (SEQ ID NO: 138)
Oor
| 5 UUCCUGAAGACCGUGGGCCGRA 37 (SEQ ID NO: 139)
40 37 ATATAAGCACUUCUGCCACCCEE 57, (SEQ ID NO: 120)
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Preferably the above multitargeting interfering RNA molecules also include at least one
modified nnbonucleotide, universal base, acyclhic nucleotide, abasic nucleohde and non-

ribonucleotide, overhang variation or a combination thereof.

fn anather asbcct of this invention, the invention relates Lo a biclogical system comnpnsing
the multitargeting inr.c:rfcriné RNA molecules ot this (pvention and those prefemrcd biological
systems include a virus, a microbe, a cell, a plant, or an anjmal, Veetors comprising a nucleotide
scquencé that encaodes the multitargeting interfering RNA molecules of this invention are also

contemplated, Preferred vectors are viral vectors. Preferred viral vectors are selected from the

- gproup consisting of dn adeno-associuted virus, a retrovirus, an adenovirus, a lentivirus, and an

alphavirus. The invention also relates to cells comprising the vectors of this invention.

The multitargeting interfering RNA molecules of this invention can also be short hairpin

RINA molecules.

The invention turther relates to pharmaceutical compositions comprising the
multitargeting interfering RNA molecules of this invention and an aceeptable camer.
Alternatively, the composition can inclnde a vector comprising the RNA molccule and an

acceptable camier.

The invention further relates to methods of using the multitargeting interfering RNA
maolecules of this invention. In a preferred methad (or using (he mullilurgeling interfering RNA

molecules of this invention, the method includes inducing RNA interference in a biological

system, comprising the step of introducing a multitargeting interfering RNA maolecule of this

invention into the biological system. More specifically, the invention relates to methods of
inducing RNA interfercace in a biological system, comprising the steps pf: (&) selecting one o1
hmt"é target RNA molecules; (b) desigming a multitargeting interfening RNA molecule
comprising a guide strand that can fortn stable interactions with at least two bmding sequences
present in distinct genctic contexts in the set of one or more target RNA molecules; (c)

pi'oduci ng the multitargeting interfering RNA molecule; and (d) administering the multitargeting
interfering RNA molecule into the biological systern, whereby the guide strand of the
multitargeting interfering RNA molecule forms stable interactions with the binding sequences

present in distinct genetic contexts in the target RNA mnolecules, and thus induces RNA
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interference of the target RNA molecules, Preferably the biological system 1s a virus, a microbe,
a cell, a plunt, or an animal. Preferred animals include ruts, mice, monkeys, and humans. Also
prefcrably the target RNA molecules comprise RINA molecules that arc involved in a disease or
disorder of the biological system or are selected [rom the biological system, Alternutively, the
target RNA molecules comprises one or more RNA molecules selected from a sccond hiological
system that is infeclious to the biological system or where the target RNA molecules are selected’
fram both a first biologicdl system and a second biologicul system that is infectious (0 (he [rs
biological systetn. Tfor exuwmple, the turget RNA moleeules can compris:e one or morc RNA
molecules scleeted from an animal or a plant and one or more RNA molecules selected from a
microbe or a virus that is infections to the animal or the plant. As a morc specific example, the
target RNA molecules can comprise one or more RNA molecules selected from a human and one
ot motec RNA molecules selected from a virug sclected from the group consisting ol & human
immunodeficiency virus (HIV), a hepatitis C virus (HCV), un influenza virus, a rhinovirus, and a
severe acute tespiratory syndrome (SARS) virus. The target RINA molecues can also be RNA
molecules encoding a prolein of a class of proteins, including, without hmitation, receptors,
cytokines, transcription factors, regulatory proteins, signaling proteins, cytoskeletal proteing,
transporters, ehzymes, hortones, and antigens. For examplce groups of proteins can include

ICAM:1, VEGF-A, MCP-1, I-8, VEGE-B, IGF-1, GlucGp, Inppll, bFGF, PIGF, VEGF-C,

- VEGE-D, fi-catenin, k-ras-B, k-ras-A, EGFR, Bcl-2, presenilin-1, BACE-1, MALAT-1, BI(,

TGFp, and TNF alpha. Preferred combinations include, tor example, JCAM-1 and VEGF-A,
one or more viral RNA molecules such as human immunaodeliciency virus (HEV), a hcpaLilis C
virus (HCV), an influchza virus, a rhinovifuei, and a severe acufe respiratory syndrome (SARS)
virus or an essential protein for HIV selected from the group consisting of GAG, I’(::)L, VIF,
VPR: TAT, NEF, REV, VI’U and ENV. The targel RNA molecules can also be Se}ec{ecl from
hutnan protemns mcluding, for example, TINIalpha, LEDGE(p75), BAF, CCRS, CXCR4, furin,
NFkR, STATL. Specific combinations inctude a virus protein and a human protcin" assqciat‘éd
with the disease caused by that virus. So, as onc example, preselected target RNA molecules can

comprisc Hepatitis C Virus (HC V) and one or-more of the other preselected RNA molecules

choodes TNF,

- 10 -
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L'his invention also relates to methods for treating a disease or condition in a subject. lhe
melhod comprising the steps of: (a) sclecling one or more target RNA molecules, wherein the
modulation in expression of the target RNA molecules is potentially therapeutic for the treatment

of the disease or condition; (b) designing 4 multitargeting interfering RNA molceule CONPIising

A

a guide strand that can form stable interactions with at least two binding sequences present in
._clist.inct genelic contexts in the one or more target RNA molecules; (©) producing the
mullatargeting interfering RNA molecule; and (d) adminislering the multi targeting interfering
RNA molccule inlo the subject, whereby the guide strand of the multitargeting interfering RNA
molceule forms stable interactions with the binding sequences present in distinct genetic contéxts
10 in the one or more targcf.. RNA molecules, und thus induces RNA interference and modulation of

expression of the target RNA molgculcs.

The invention also relates to methods for designing a multitargeting interferin A RNA
molceule, comprising the stéps of: a) selecting onc or morc lﬁrgei RNA molecules, wherein
modulation in expression of the larget RNA molecules is desired: b) obtaining at least one

15 nucleotide sequence for each of the target RNA molecules; ¢) selecling a seed sequence of 6
nucleotides or maore, whercin said seed sequence occurs in at least two distinel genelic contexts
m nucleotide scquences identified in step b) for the target RNA molccules; d) selecting ut:least
two binding sequences, wherein cach of binding sequences cnmprir;cs the seed sequence, and the
binding sequences are present in distinet penetic contexts in the target molcenles; and e)

20 designing a multitargeting interfering RNA molecule having a guide strand that shares a
substaniial degree of cpmplementarity with cach of the at leasl two binding sequences to allow |
stable interaction therewith. Freferably the method further comprises designing a passenger
strand that is at least partially complementary to the guide strand to allow formation of a stable

duplex between the passenger strand and the vuide strand.

25 In yet another method for designing a multitargeling interfering RNA molecule, the
method comprises the steps of: «) selecting one or more tarpet RNA inulecijles, wherein
modulation in cxpression of the target RNA molccules is desired; b) identitying at least one
hucleotide sequence for cuch of the target RNA molecnles: ¢) selecting a length, 7, in
nucleotides, for & sced sequence; wheretn 1= about 6 or more; d) generating a collection of

30 candidate secd sequences of the length 1 from each nuclentide sequence identified in step h),

- 11 -
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wherein cach cundidate seed sequence occurs at least once in nucleotide scquences obtained in
step b); ¢) determining the genctic context of each of the candidate seed scquences in each
nucleotide scquence obtained in step b), by collecting, for cach occurrence of the candidate seed
sequence, a desired amount of the 5" and 3° flanking sequence; ) selecting a seed sequence of
the length n [rom the candidate sced sequences, wherein the seed sequence occurs at least in two
distinct genetic contexts in nucleotide scquences identified in step b); g) selecting a consensus
lurget sequence, wherein said consensus target sequence comprises the seed sequence and a
desired consensus sequence [or the sequence [lanking either one or bolh of the 5" and 3" ends of
the seed; and h) desighing a multitargeting interfering RNA molecule comprising a guide strand
that sharcs a substantial degree of complementarity with the CONSENSUS targel sequence to allow
stable interaction therewith. Preferably the step of generating a collection of candidate seed
sequences comprises the steps of beginning at u terminus, sequentiall y"obéet;ving the nucleotide
sequence using a window size of 2 and stepping along the nucleotide sequence with a step size of
I. Also preterably, the step of selecting sced sequences compriscs the step of discarding any
sequence of the Tength n that i) is composed of u consectitive string of 5 or more identical sin gle
nuclcotides; 11) is compaosed of only adenosine and uracil; iii) is predicted Lo occur with an
unacceplably high tfrequency in the non-target runscriptome of interest; iv) is predicted to have a
propensily (o undesirably modulate the expression or uctivity of onc or mure cellular component;
or v) 18 any combination of 1) to iv). Optionally, steps ¢) to g) can be repeated with a new vilue
of n. The mulliturgeting interfering RNA molecules, once designed can then be tested in an

EXPression systeil,

In-preferred methods for designing a multitargeting interfering RNA molecule, the step of
selecting a consensus target sequence {urther comprises the step of discarding any sequence that
is compased of only a single base, is comnposed only of A and U, has a consecutive string of 5 or
more bases which are C, 15 G/C rich at the 3" end, is predicted 1o occur with unacceptable
[requency in the non-target transcriptome of interest; or any combination thercof, Also
preferably the passenger strand is designed so that it is at least parlially complementary to the
guide strand to allow formation of a stable duplex between (he passenger steand and the guide
strand. Once the mullitargeting interfering RNA molecule is designed, it is contemplated that it

¢an be modified. Such modilying methods are also contémplated within the scope of the

wnvention and a preferred method comprises moditying the multiturgeting interfering RNA
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molecule comprising the steps alone or in combination of i) improving the incarporation of the
guide strand of the mulritargeting imerfering RNA molecule into the RNA induced silencing
compliex (RISC); i) increasing or deercasing the modulation of the expression of at least ong
target RNA molecule; iii) decrcasing suess or inflammatory response when the multitargeting
interfering RNA molecule is administered into a subject; i;') altering the half life of the

multitargeting RNA molecule in an expression system.

T'he invention futher relates to a method of clcsi“gning a [ull length multitareeting
interfering RNA from u seed sequence, comprising the steps of: a) deducin g the sequence of the
complete complement of the sced Se;cjuence; b) generating permutations for the cxtcﬂrsion 6f the
complete complement of the sced sequenee o the desired length n; ©) creating a collection of
putative guide strand sequences, each of which comprises the sequence of the complete |
complement of the seed sequence and one of the permutations generated in step b); d) using
RNAhybnd 1o delermine the binding pattern and the minimum frec energy (mle) of the putative
guide strand sequences created in step ¢) against all the target sequences comprising the seed
scquence; ¢) discarding putative guide strand sequences where i) there is a contiguous run of 5 or
mare G residucs; and 1) the Load Bias is < 1.2; und f) selecting a guide strand scquence of the
length n for a multitargeling inlerfering RNA sequence from the list of the remaining pututive
gutde strand scquences based on their Relative Activity Score. The method preferably cao
additionally com pl‘iSC'; the steps of producing the mulliturgeting interfering RNA coér*npriﬁn g the

guide strand sequence and testing the multitargeting interfering RINA i1 an expression System.

In yet another aspect, the invention relates to a method of making a multitargeting

‘Interfering RNA molecule, comprising the steps of: 1) designing a multitargeti ng interfering

RINA molecule having a guide strand that can fort stable inteructions with at least two binding
sequences present in distinet genetic contexts in a sct of pre-sclected lureet RINA molecules; and

11) producing the multitargeting interfering RNA molecule,

it is also contemplated within the scope of this invention that the invention [urther
compriscs a phavinacculical composition comprising a therapeutically effective ammount of one or
more multitargeting wicrfering RNA molecules together with a pharmaccutically acceptable

carrict.
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Orher aspects, {estures and advantages of the invention will be apparent from the
following disclosure, including the detailed description of the invenlion and its preferred

embodiments and the uppended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1. A flow-chart highlighling aspects of an exemplar& design process [or
multitargeting interfering RNAs (CODEMIRs or VIROMIRS). | |

Figure 2 Ciraph showing cytotoxicity of control siRNA and CODEMIRS at a final
concentration of 40 nM m ARPI-1 90 cells in culture medium at 48 firs post-trunsfection. A:
mock transfected cells (Lipofectamine2000 alone); B irrelevant siRNA control; C: VEGE-
specific siIRNA; D: ICAM-specific siRNA; E: CODEMIR-1; F: CODEMIR-2.

Figure 3. Ciraph showing VEGI (closed bars) and ICAM (open bars) protein
expression as a pereent of control (untransfected) cells in cells treated with various siRNAs and
CODEMIRs. A: Unstimulated cells: B: Untranstected, stitmulated cells; C: Ierelevant control
siIRNA; D: ICA M-specific siIRNA; IZ: VEGF-specific siRNA; T': CODEMIR-1; G: CODIEMIR-2.

Figure 4 Comparison of CODEMIR 1 activily with that of a”naturall y-OCCUITING
microRINA with some sequence si111iléi'ity. A: Untransfected ccq]ls; B: relevant siRNA; C:
CODEMIR-1; D: synthetic miR -299 (CODEMIR-84).

Figure 5: Example of a VIROMIR targeting two sites in the sume target RNA, in
this case, the HIV genome. |

Figure 6. Tolerance of CODEMIRs for mismafches at the 3' extremity for uctivily
aguinst VEGE (closed bars) and IC.‘AM~i (open bars) expression, A: Untranstected cells; B:
Irrelevant sSiRNA; CC: ICAM- und VEGF-specific siRNAsg; D: CODEMIR-13; E: COI)EMIR- [4:
F: CODEMIR-15. The presence of a single mismalch at th:c S'extremity of the seed did not
sighificantly reduce the activities of CODEMIRs -14 and -15 relative to the [ully matched seed
of CODEMIR=13 (see Table 8-2 for sequences). -

Figm:e 7. Production of p24 HIV capsid protein in HEK-293 cells co-trunsfected with
pINL4.3 pla;:mi d and 67 ny of cither [;S]L vector (control) or pSIL vector encoding sequences for
shRNA approximating VM004, YMO006 or VMO10. A: Control (empty) vector; B: VMI{XM |
shRINA construcl; (0 VMOOG shRNA construct; D VMO0 shRNA construct.

- 14 -
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Figure 8. Survival of TICT116 cells with and withoul serum withdrawal followi g
translection with 40 nM CC014-21 and siIRNA controls. A: Mock-translected cells: B3 hTele\;atrwr.
coONrol siRNAz (si(GC47); C: cytotoxic transfection siRNA control (SiTOX); D: Bel-2-specific
SIRNAS E: Kras-specific siIRNA; Fr VEGE-specific siRNA (PVE); G CCO14: H: CCOIS: T
CCO16; J: CCOL7; K: CCO1R; 1.: CCO19; M: CC020 und N: CC021.

Figure 9. Abundance ot K-Rus in 'HCT1106 cells following transfection with 40 nM
CC014-21 as measured by Westetn and normulized to beta-actin, A: Mock-trans[ected cells; B:
CCOl4; C: CCOLS; D: CCOL6; E: CCOLT; F: CCO18; G; CCO19; H: CCO20: 1 (ICO?I; J: Kras-
specific siRNA.

Figure 10. Sceretion of VEGF by HCT116 cells 48 L post-transfection with 40 nM
CCO014-21. VEGF in the cell medium was measured by ELISA. PV is a VEGF-specific
siIRNA uctive in several species (hur“nz.m. ancl rodent). A: Mock-transtected cells; B: Irelevant
control siIRNA; C: VEGT-specitic siRNA (PVE); D: Krus-specific siRNA; E: Bel-2-specific
sIRNA; F: CCOL4; G: CCOLS5; H: CCO16; 1: CCO17; J; CCOLI8: K: CCOI9; L: CCO20: M: :
CCO21, | °

Figure 11. Positivity for Annexin V (early apoptosis) and Propidium Iodide (hecrosis/late
apoptosis) staining of HCT116 celis 48 hr following transfection with 40 nM CC014-18 and
controls. A: Untreated cells; B: Mock-transfected cells; C: Irrelevant control siRNA (s1GC4a7):
1): cytotoxic transfection control siRNA (si'f (OX): E: VEGF-specific siRNA; F: Bel-2-specific
SIRNA; G: Kras-specific 5iRNA; H: CC0OL4; L CCO1S; J: CCO16; K: CC017 and L: CCO18.

Figure 12, Coio{ly [orming ability of HCTI1 16 cells following transfection with 40 nM
sIRNAs, CCO15 and CC0O18-21. A: Untreated cells; B: Irrelevant control siRNA C: VEGF-
specitic siRNA; D: Kras-specilic siRNA; E: Bel-2-specific siRNA: F: CCO15; G: CCO18: IT:
CCO--I‘); I: CCO20 and J: CCO21.

Figure 13. VI:GF Secrction by ARPE-19 cells transfected with 40nM 27-F modified
CODEMIR-[ analogs. VEGF production was measured by ELISA of the cell culture
supernatant. Each poinl represents the mean of tiplicate wells; error buars indicate standurd
deviation of the mean. A: Untranslected cells; B: Mock-transfected cells; C: Irrclevant siRNA

control; D: CODEMIR-1; E: CODEMIR-33; F: CODEMIR-87: (i CODEMIR-92: t1:

CODEMIR-144; I: CODEMIR-145; J: CODEMIR-165; K: CODEMIR-166 and L: CODEMIR -

167.
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Figure 14. Guide strand tetininal modifications of CODEMIR-1 tested in vitro (sce
Figure 15 for data), “Oligo” refers to the active guide strand of CODEMIR-1. A: CODEMIR-
146: B: CODEMIR-147; C: CODEMIR-148; D: CODEMIR-149; T CODEMIR-150; F:
CODEMIR-151: (3: CODEMIR-152; H: CODEMIR-153; [ CODEMIR-154; J: CODEMIR-155
5  and K: CODEMIR-156.
Figure 15. VEGE ‘;BCfLIIOD Dy A.RPR- 19 cells transfected with 10nM of each lerminal
conjugated variant ot C‘ODEMIR 1. VEGF in vell culiure mpematant was tmeasured by ELISA.
Fiach point represents the mean of triphicale walls; ervor bars indicate standard deviation of the-
medn. Ay Untransfected cells; B Mack-trunsfected cells: C: Irrelevant siRNA control; D:
14, ’()DEMIR 1: E: CODEMIR-146G; F: CONDEMIR-147; (3: CODEMIR-~148; H: CODEMIR-149;
1: CODEMIR-150; I: CODEMIR-131; K ("ODEMIR-ISZ L: LODEMIR-«»I"’»'% M: CODTIMIR-
154: N: CODTMIR-155 and Q: CODTMIR-156.
Figure 16. Time course of VEGF suppression by CODEMIR-1. Cells were transfected
once on da); 0 with 40 nM dsRNA and repeatedly stimalated with defcrroxamine. Supernatal
15  was collected at the indicated time points and assu‘yed hy ELISA. Error bars indicate slandard
deviation of the mean. Squares: Untransfocted cells; ’l“r'fatigleos’: Mock-transfected; Inverted
triangles: Trrelevant siRNA control and Diamonds: CODEMIR-1.
Figure 17. Slability of chemically modificd variants of CODEMIR-1 in human serum:
100nM Duplex RNA was incubated at 37°C in 10% buman AB scrum, with RNA concentration
20  monitored using Oligecen dyc. Each point is the mean of triplicate sumples, Error bars (in many
cuses smaller than symbols} indicate standard deviation of the mean. Solid squares: CODEMIR-
L; Triangles: CODEMIR-33; Inverted triangles: CODEMIR-87; Diamonds: CODEMIR-92;
 Circles: CODEMIR-144 and Open squarcs: CODEMIR-145. '
Figure I8. VEGF (closed bars) and ICAM (open bars) sceretion by ARPE 19 cells
25  translected with chemically modified variants of CODEMIR-1. ARPE-19 cells were transfected
with 40nM duoplex RNA and VEGF or ICAM secretion was assayed 43 hours post-transfection
by FLISA. Each bar ‘mprec,ems the meuan of triplicate samples. Error bars indicate standard
devratlon of the mean. In 1 (top panel) - A: Unlmnqﬂ,{,ted cells; B: Mock-transtected cells; C:
Irrelevant siRNA control; D: CODEMIR-1; E: CODEMIR-33; F: C ODFMH{-R? and (3
30 CODEMIR-92, In 2 (hottom panel) - A: Untransfecied cells; B: Mock-transfectc:d cells; C;

16 -
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Irretevant siRNA control; D: CODEMIR-1; E: CODEMIR-87: F: CODEMIR.144: G:
CODEMIR-33 and H: CODTEMIR- 145,

Figure 19, Effcel of mismatches in the seed region of CODEMIR-1 upon VEGEF (open
bars) and ICAM (closcd bars) suppressive activity, ARPTE-19 cells were transficted with 4QnM
duplex RNA and VEQE (ELI'SA) or ICAM (FACS) assaycd and expressed relative to results
obtained with untranstected cells. Expression was assayed 48 hours post-transtection. Each bur
represents the mean of tnplicate szmﬁ Ples. Error barg indicate standard deviation of the mean: A:
Untransfected cells; B: Mock-transfected: C.: Irrelevant siRNA control; ID: CODTEMIR-1: E:
CODEMIR-122; F: CODEMIR-123 and G: CODEMIR-124. |

Figure 20. Schematic illustration of the design of all 32 variants of CODEMIR-1 that arc
directly aligmed to the VEGF and ICAM mRNAs. The sequence aligmnen't,of lwo target
sequences 1s shown, A potential guide strand (CODEMIR) 1s shown below the aanucnce |
aligninent. Because of the luck of total conscnsus between the two turaets, two possible bases
can be used at some positions (altemate buses al mismatch positions are shown in the row
indicaled with an arrow). Note the possible usc of a U to match and wobble-pair the two target
sequences, respectively.

Figure 21. Screening 32 vanants of CODEMIR-1 for VEGF suppressive activity, ARPE-

- 19 cells were teanstected with 40nM of the indicated RNA duplex, and VEGF secrclion was

measured by FLISA 48 hours post-transfection. The gmide steand of each CODEMIR is shown
in the 57 to 3’ direction, Each bar represents the mean of tri];)licat.é samples. Urror bars indicate
standaurd deviation of the mean. A: Untransfecied: B: Inrelevant siRINA pontml: C: CODEMIR-1;
D: CODEMIR-52; Ti: CODEMIR-33; F: CODEMIR-54; (3; CODEMIR-55; H: CODEMIR-56: I:
CODEMIR-57; 3. CODEMIR-58; K: CODEMIR-59; L.: CONDEMIR-60; M: CODEMIR-61; N:
‘CODENUR-GZ; O: CODEMIR-63; P. CODEMIR-64; Q: CODEMIR-65; R: CODEMIR-%; 3
CODEMIR-67; T: CODEMIR-68; U: CODEMIR-69; V: CODEMIR-70; W: CODTMIR-71; X:
CODEMIR-72; Y; CODEMIR-73; Z: CODTMIR-74; AA.: CT(JDEM1R~;75; BR: CODEMIR-T76;
CC CODEMIR-77; DD CODEMIRL78; ER: CODEMIR-79; TF: CODEMIR-80: GG
CODEMIR-B1; ITH; ’(3(}DE’M R-82; II: CODEMIR-83 and }J: CODEMIR-84.

Figure 22, Relationship between tarpet copmplementﬁlri{ y, length of 5° complementarity
and VEGI suppression for 32 vanants of CODEMIR-1. Open squares: CODEMIR-1 variants

with 12 bases of ¢ontignous complementarity to the VEGFE binding sequence; Triangles:
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CODEMIR-! variants with 14 buses of contiguous complementarity; Inverted tnangles:
CODEMIR-1 variants with 17 bases of cantiguous complementarnity; Open diamonds:
CQODEMIR-! variants wilh 18 buses of contiguous complementarity; Circles: CODTIMIR-|

variunts with 19 bases ol contiguous complementarily and Solid squares: CODEMIR-1 vanant

N

(VAIC) with 21 bases of contiguous complementarity.

Figure 23, Screeming 31 variants of CODEMIR-1 for suppression of ICAM production.
ARPE-19 cells were transfected with 40nM of the indicated RNA: duplex, and sICAM secretion
was meusurcd by ETLISA 48 hours post-transtection. The guide strand of cach CODEMIR is
shown in the 5° to 3" direction. Each bar represents the mean of triplicate samples, Error bars
10 indicate siandatd deviation of the mean. A: Untransfected: B: Terelevant siRNA control; C

CODEMIR-1; D: COPEMIR-52; E: CODEMIR-53; F: CODEMIR-54; G: CODEMIR-55; H:
CODEMIR-56; 1 CODEMIR-57: J: CODEMIR-58; K: CODEMIR-59; L: CODEMIR-60; M:
| C‘.()DEMI:R;SI; N: CODEMIR-62; O: CODEMIR-63; P: CODEMIR-64; Q: CODEMIR-65: R:
CO DEM!R'-GG; S: CODEMIR-67; T: CODEMIR-64; u: CODEMIR-69; V: CODEMIR-70; W:
15 CODEMIR-71; X: CODEMIR-72; Y: CODEMIR-73; Z: CODEMIR-74; AA: (IODEMI;R-”:‘..’S;
REB: (IODEM[R~'76; CC: CODEMIR-77; DD: CODEMIR-78; EE: CODEMIR-79; FF:
CODEMIR-80; G(3: CODEMIR-8{; HH: CODEMIR-82; I1: CODEMIR-83 and JJ: ICAM-
specitic siRNA,
Figure 24. Comparison of CODEMIR-1 vanants with (CODEMIR-56 and CODUMIR-
20 76) and without (CODEMIR-120 and CODEMIR-121) 7 G motils. AFiPE- 19 cells were |
translected wilh 40nM duplex i{NA and VEGT? (open bars) or ICCAM (closed bars) expression
was assayed 48 hours post-transfection. TZuch bar'lreprcseﬁts the mean of triplicate samples.
Ciror bars indicale standard deviation of the mean. A: Untmn.éft:cted; B: Mock-transfected cells;
C: Irelevant siRNA control: D; VEGE- and ICAM-gpecific siRNAs; E: CODEMIR-56; T+
75 CODEMIR-76; G: CODEMIR-120 and H: CODEMIR-121.

Figure 25. VEGT and ICAM expression in ARVE-19 cells after transfeetion with LNA
and inosine containing CODEMIRs. ARPE-]9 cells were transfected with 40nM duplex RNA
and VEGF (closed bars) or ICAM (opcu bars) expression wus assayed 48 hours post-
transfection. Each bar represents the mean of triplicate sainples. Error bars indicate standard

30 deviation of the mcun. A:; Untransfecicd; B: Mock-trunsfected cells; O Irrelevant stRNA
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