18 May 2004 1 Inhibiting gene expression The present invention relates to inhibiting gene expression.
In particular, it relates to inhibiting gene expression in mammals using double stranded RNA 5
(dsRNA). The benefits of being able to inhibit the expression of a specific gene or group of genes in
mammals are obvious. Many diseases (such as cancer, endocrine disorders, immune disorders and
so on) arise from the abnormal expression of a 10 particular gene or group of %%%Eﬁ w%g mammal
- the inhibition of the gene or group can therefore be used to treat these condi [ rly, disease
can result through expression of a mutant form of proiein, in which case it would be advantageous to
eliminate the expression of the mutant allele., In addition, such gene specific inhibition may be used to
treat viral diseases which are caused by 15!@8%%&919?@%%8\5 2L such as HIV, in which viral genes
are integrated into the genome of their host and expressed. In addition, the elimination or inhibition of
expression of a specific gene can tﬁ?% used to stu% nd manipulate early deveto mental events in the
cbryo, The 20 mobE SRR RB A A oo e HERAEH TS A UGGt of merest
could be disturbedralagstaifichibitingfore erpbeysi @nith atahedmaécting soublsstrhralaiteiian, in the
mouse model, the @aﬁﬁlg\il techniques of gene "knockout" cannot be used, because they eliminate
gene functioh univ 2 y “throughout the embryo. Furthermore, if a gene is repeatedly used in space
and 25 time to direct developmental processes, elimination of its role by conventional gene "knockout"
may deny an understapding of eyerythi ut the first event. Even when the interest is to study the
e hendhis of hei L0 H‘% £ gt

very first time in deveﬁopme t 3 4R gé)n'([:-] e (?n%)fptﬁés(':%r}] NBUHST OF r%%qgror{agrﬁ%scripts and

their translation phests caammadkdiecobifiects dfltng deseeasks (stiobues Eanstingrn#ooohout” 30
technology is also extremely IaborioHs. It necesasitate first akir}ﬁeaagisrurﬁg?gx ene se aentthat is

suitably marked to BIABIE e SLILGADH S FoMIBAGbe e 11O e aDrorhial CxresSidn
10 particular gene or group of genes within a mammal — the inhibition of the gene
or group can therefore be used to treat these conditions. Similarly, disease can
result through expression of a mutant form of protein, in which case it would be
advantageous to eliminate the expression of the mutant allele. In addition, such
gene specific inhibition may be used to treat viral diseases which are caused by
15 for example retroviruses, such as HIV, in which viral genes are integrated into

the genome of their host and expressed.

In addition, the elimination or inhibition of expression of a specific gene can be
used to study and manipulate early developmental events in the embryo. The

20 most valuable information would be obtained if the function of the gene of
interest could be disturbed in specific cells of the embryo and at defined times.
In such a situation, in the mouse model, the classical techniques of gene
“knockout” cannot be used, because they eliminate gene function universally
throughout the embryo. Furthermore, if a gene is repeatedly used in space and

25 time to direct developmental processes, elimination of its role by conventional
gene “knockout” may deny an understanding of everything but the first event.
Even when the interest is to study the very first time in development at which a
gene functions, the contribution of maternal transcripts and their translation
products can mask the effects of the gene knockout. Existing “knockout”

30 technology is also extremely laborious. It necessitates first making a disrupted
gene segment that is suitably marked to enable the selection of homologous

recombination events in cultured embryonic stem cells. Such cells must then be



recombination events in cultured embryonic stem cells. Such cells must then be 18 May 2004 2
incorporated into blastocysts and the resulting chimaeric animals used to establish pure breeding
lines before homozygous mutants can be obtained. It is known that expression of genes can be
specifically inhibited by double 5 stranded RNA in certain organisms. Double stranded RNA
interference (RNAIi) of gene expression was first shown in Caenorhabditis elegfgﬁogré@;l. Nature
391, 806-811 (1998); W099/32619), has recently been shown to be effective in yotes
including Drosophila melanogaster (Kennerdell. & Carhew, Cell 95, 1017-1026 (1998)), Trypanosoma

brucei (Ngo, et al. Proc Natl Acad Sci 10 USA 95, 14687-14692 (1998)), .plaparians (Sanchez
Avaradio & Newn AT PHACR ARG S5 & B ol Ggon oot} T RIS (waterhouse, o a.
Proc Natl Acad Scestsbh<Dmulr8Doéedingaimél 9efye hitecmypicatmataftthian dppistairtedias also been
demonstrated in Zebrafish embryos, but with limited success (Wargelius, et al. Biochem Biophys Res

Commun 263, 156-161 (1999)). 15 To date, there has been no report that RNAi can be used in
mammals and moree\enthetbdsexreisbmahgeass tteat BRI\ P¢cifitaldy fohittited by meublaals. In this

respect, concern hgs bee ressed that the protocols,ysed for i brate. and plant systems are
ik to 08 effecUEH i e AUt By o s A T 3B B oo T
is because accumuolagene ek pilsfNA wasfast sradian ioellacrmnhaslitisrelagendFatddoak tdapuodein
synthesis. The ac |ati SW%I f double stranded RNA (ds in . mammalian
cells following vira?’% e% |or%¢%0£&\%é|/}lt € #}qg%@hs’ r%assproeﬁ%@% %err(]:gg?Y\r’lrEetPfereo%%F Y580 (1983))
which leads to an ¢tweealtitacjotesdbditatistpboosaphi i enelasetastapttoss dekbes&(Estadvan Virology

Lo oD Lo e D SRR B RS A SR P
and inactivafes trabsiA@b fadGR7TEIFZY2 (1988) oplemarians (Sanchez Alvarado & Newmark,

Proc Natl Acad Sci U S A 96, 5049-5054 (1999)) and plants (Waterhouse, et al.
Proc Natl Acad Sci U S A 95, 13959-13964 (1998)). The application of this
approach has also been demonstrated in Zebrafish embryos, but with limited
success (Wargelius, et al. Biochem Biophys Res Commun 263, 156-161 (1999)).

15
To date, there has been no report that RNAI can be used in mammals and
moreover there is a belief in the art that RNAI will not function in mammals. In
this respect, concern has been expressed that the protocols used for invertebrate
and plant systems are unlikely to be effective in mammals (reviewed by Fire

20 (Fire Trends Genet 15, 358-363 (1999)). This is because accumulation of
dsRNA in mammalian cells can result in a general block to protein synthesis.
The accumulation of very small amounts of double stranded RNA (dsRNA) in
mammalian cells following viral infection results in the interferon response
(Marcus, Interferon 5, 115-180 (1983)) which leads to an overall block to

25 translation and the onset of apoptosis (Lee & Esteban Virology 199, 491-496
(1994)). Part of the interferon response is the activation of a dsSRNA responsive
protein kinase (PKR) (Clemens, Int J Biochem Cell Biol 29, 945-949 (1997)).
This enzyme phosphorylates and inactivates translation factor EIF2a in response
to dsSRNA. The consequence is a global suppression of translation, which in turn

30 triggers apoptosis. Wagner & Sun. (Nature 391, 806-811 (1998)) suggest that
RNAI will not work in mammals because it has no effect when used as a control

in experiments into anti-sense RNA.



to dsRNA. The consequence is a global suppression of translation, which in turn 30 triggers apoptosis.
Wagner & Sun. (Nature 391, 806-811 (1998)) suggest that RNAI will not work in mammals because it
has no effect when used as a control in experiments into anti-sense RNA. 18 May 2004 3 Anti-sense
RNA has been attempted as a means of reducing gene expression in the embryos of a number of
species. Whereas it has had considerable success in Drosophila, it has been 3%3@;%%%&

Zebrafish, Xenopus and mouse embryos. 5 In Xenopus, there were some limit the
antisense approach. This is thought to be due to a pr§minent RNA melting activity (Bass, &
Weintraub, Cell 48, 607-613 (1987); Rebagliati & Melton, Cell 48, 599-605 (1987)), exerted by the
dsRNA specific adenosine deaminase (dsRAD), and suggests that RNAi is not likely to be successful.
10 In the mouse GMbWSErBBtRBBNMS%Uh hetsriyatd dsensisdas b awrad licivig depleaogsessiomeaducing gene

expression, particylar Hﬂ)twee the t ofo r cell st Be\{ et al. Proc Natl Acad Sci USA
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inhibit gene expresthﬁodsRanespeneﬁlaademmnQEMJ@%@Z&&F@@QWS&Q@%RWRM e used to
inhibit gene expresgf)p Iyrpoaggma S, HP yever, the only experimental evidence in this document

success
shows
10

In the mouse embryo, anti-sense RNA has had inconsistent and limited success
in reducing gene expression, particularly between the two-four cell stages
(Bevilacqua, et al. Proc Natl Acad Sci U S A 85, 831-835 (1988)). These authors
were concerned that the partial inhibition of S-glucuronidase in their

15 experiments might also reflect a melting activity acting upon sense/anti-sense
duplexes, and so they examined the stability of g-glucuronidase dsSRNA
microinjected into mouse blastomeres. They reported no effects on RNA
stability, but this was only followed over a period of 5 hours. Thus, there is no
suggestion in this paper that dsSRNA can persist in mammalian cells long enough

20 to interfere with gene expression. In addition, they reported no effects upon the
expression of S-glucuronidase following the injection of dSRNA. Thus, this
paper does not suggest that dSRNA can inhibit gene expression in mammalian
cells.

25 W099/32619 suggests that dSRNA can be used to inhibit gene expression in
mammals. However, the only experimental evidence in this document shows
that RNAI works in C. elegans; there is nothing to show that it could work in
mammals. Indeed, later publications by the inventors listed for W099/32619
(Fire, Trends Genet 15, 358-363 (1999); (Montgomery & Fire, Trends Genet 14,

30 255-258 (1998)) state that RNAI could only be made to work in mammals if the
PKR response could be neutralised or some way avoided, although no
suggestions are provided in W099/32619 for how this might be achieved. These



that RNAI works in C. elegans; there is nothing to show that it could work in mammals. Indeed, later
publications by the inventors listed for W099/32619 (Fire, Trends Genet 15, 358-363 (1999);
(Montgomery & Fire, Trends Genet 14, 30 255-258 (1998)) state that RNAI could only be made to
work in mammals if the PKR response could be neutralised or some way avoided, although no
suggestions are provided in W099/32619 for how this might be achieved. Thesiéﬁ{lMaéé(% 4 4 later
publications indicate that the inventors of W099/32619 themselves believe tha A t yet been
(and cannot be) made to work in mammals. Thus, thefe is a perception in the art that RNAi cannot be
made to work in 5 mammals. Contrary tQ this perception, the | have now shown that is
possible to ntertor PR GLEAE b Leal A e e e LR e
microinjection of thiaaRMayiratends Rt Bechh@yidhearenshibsymakperinuek tialimdhahBHNAI can phenocopy
the effects of disrupting the maternal expression of the c-mos gene in the oocyte to overcome the
arrest of meiosis at 10 metaphase I, or the zygotic expression of E-cadherin to prevent development
of the blastocyst ashabstereredsia pleeceptitesipothdiag #aoSoAl tainet Heanindetdavsrihave shown that the
injection of %dsRNA IS sp ci&c t{) thet cgqres ondhn(ﬁ]gtgne' it czoe not causg}? egheEaI translational
arrest, becatise en%ar'y([)% HNtHUSH 'Y v'é:l%%cae 0 ,%ﬁ%VS? CEn SR AR BE BB 8 e d. Thus, they
have shown that 1pdsditAe tamtzefeffesithespeaifangemeliepesirniodbecimgute adiygt asdect of the
present invention, there is provided a methad for.inhibiting the ex lon-of a target gene in a
mammalian cell (3 NGO AT 50 i SLEAGRB RE SRl R RCHRYG g . couble

stranded structure ekpasimgeatally kbatiBé\ s qae pbenobogly ibeaffstanthdisidptitigdhtoratidéesadt a part of
the target gene and which is drerived from an en%cg enoys, template: atnd veri ir]g[ﬁnhibitiotn of

expression of the t%)%re Salgﬂtg. éged:s'ﬁRFAgﬁgee Ultln R r%gon?:\é m?hm&g Srivention 18- derved from an
"endogenolig metaphase 11, or the zygotic expression of E-cadherin to prevent development of

the blastocyst as observed in the corresponding knockout mice. The inventors

have shown that the injection of a dsSRNA is specific to the corresponding gene;

it does not cause a general translational arrest, because embryos continue to

develop and no signs of cell death can be observed. Thus, they have shown that
15 RNAI can be effective in mammalian cells.

According to a first aspect of the present invention, there is provided a method
for inhibiting the expression of a target gene in a mammalian cell, the method
comprising:

20 introducing into the cell an RNA comprising a double stranded structure
having a nucleotide sequence which is substantially identical to at least a part of
the target gene and which is derived from an endogenous template; and

verifying inhibition of expression of the target gene.

25 dsRNA useful in accordance with the invention is derived from an “endogenous
template”. Such a template may be all or part of a nucleotide sequence
endogenous to the mammal; it may be a DNA gene sequence or a cCDNA
produced from an mRNA isolated from the mammal, for example by reverse
transcriptase. When the template is all or a part of a DNA gene sequence, it is

30 preferred if it is from one or more or all exons of the gene. Additionally, all or
part of a viral gene may form an endogenous template, if it is expressed in the

mammal in such a way that the interferon response is not induced, e.g.



template”. Such a template may be all or part of a nucleotide sequence endogenous to the mammal; it
may be a DNA gene sequence or a cDNA produced from an mRNA isolated from the mammal, for
example by reverse transcriptase. When the template is all or a part of a DNA gene sequence, it is 30
preferred if it is from one or more or all exons of the gene. Additionally, all or part of a viral gene may
form an endogenous template, if it is expressed in the mammal in such a wayi%aMhemr eron
response is not induced, e.g. 18 May 2004 5 expression from a pro-virus integrate s e host cell
chromosome. Thus, the dsRNA of the present inventi®n is distinguished from viral dsRNA and
synthetic polyrlC, both of whjch have been observed to induce PKR which leads ta_apoptosis in

b 350 el RES

mammalian cells. SXRRRECHHE ULRR T HE LS g agn%eulsc %P&Pé’p?h F limitation
on the manner in vlbRNA &f gymphessseithvEhtion it iasirgyuithegifiechinivalrdsBNA afidasynsgiegonanual
and/or automated procedures, In vitro synthesis may be chemical zymatic, for example using
Cloned RNA polym S g e AR PR e B O e AR B A (o oo
template, or a mixtapeptobisathmammadiatneetisRNA may be synthesised using recombinant techniques
well known in the art (see e.g., Sambrook, et al., MOLECULAR CLONING; A 15 LABORATORY

MANUAL, SECOND EDITION (1989); DNA CLONING, VOLUMES | AND Il (D. N Glover ed. 1985);
OLIGONUCLEOT \vEil§ Y TIsSIRISASi Mderdvéa diivatiard 88d) g diid (G B IAE ) Enéty BRIDISAGION (B. D.

Hames & S. J. Higgins eds. 1984): TRANSCRIPTION TRANSLATION é\a D..Hames & S. J.
Higgin eds. 19845 ARAUIALER L ER FOra THET S FLBUhrL) S B ISP ST ceils
AND ENZYMES (IRLoPuess) MARA);dAd e codd s teRpreTedifds. G NtEC FPNMBLEGAYILAR CLONING
(1984); the serles,c eErr-{lE'a(P (?rserlllélylrznlgl .8,( opé‘gr%p\)(le(ﬁscﬁl%% o'ﬁegrﬁﬁﬁ\ Ipnoci'))r;nerase (e.q., T3, T7,

10 SP6) for transcription of the endogenous DNA (or cDNA) template, or a mixture

of both.

In vivo, the dsSRNA may be synthesised using recombinant techniques well
known in the art (see e.g., Sambrook, et al., MOLECULAR CLONING; A

15 LABORATORY MANUAL, SECOND EDITION (1989); DNA CLONING,
VOLUMES | AND II (D. N Glover ed. 1985); OLIGONUCLEOTIDE
SYNTHESIS (M. J. Gait ed, 1984); NUCLEIC ACID HYBRIDISATION (B. D.
Hames & S. J. Higgins eds. 1984); TRANSCRIPTION AND TRANSLATION
(B. D. Hames & S. J. Higgins eds. 1984); ANIMAL CELL CULTURE (R. I.

20 Freshney ed. 1986); IMMOBILISED CELLS AND ENZYMES (IRL Press,
1986); B. Perbal, A PRACTICAL GUIDE TO MOLECULAR CLONING
(1984); the series, METHODS IN ENZYMOLOGY (Academic Press, Inc.);
GENE TRANSFER VECTORS FOR MAMMALIAN CELLS (J. H. Miller and
M. P. Calos eds. 1987, Cold Spring Harbor Laboratory), Methods in

25 Enzymology Vol. 154 and Vol. 155 (Wu and Grossman, and Wu, eds.,
respectively), Mayer and Walker, eds. (1987), IMMUNOCHEMICAL
METHODS IN CELL AND MOLECULAR BIOLOGY (Academic Press,
London), Scopes, (1987), PROTEIN PURIFICATION: PRINCIPLES AND
PRACTICE, Second Edition (Springer-Verlag, N.Y.),and HANDBOOK OF

30 EXPERIMENTAL IMMUNOLOGY, VOLUMES I-IV (D. M. Weir and C. C.
Blackwell eds 1986).



GENE TRANSFER VECTORS FOR MAMMALIAN CELLS (J. H. Miller and M. P. Calos eds. 1987,
Cold Spring Harbor Laboratory), Methods in 25 Enzymology Vol. 154 and Vol. 155 (Wu and
Grossman, and Wu, eds., respectively), Mayer and Walker, eds. (1987), IMMUNOCHEMICAL
METHODS IN CELL AND MOLECULAR BIOLOGY (Academic Press, London), Scopes, (1987),
PROTEIN PURIFICATION: PRINCIPLES AND PRACTICE, Second Edition (Sﬁgrbgg*%%lgg,
N.Y.),and HANDBOOK OF 30 EXPERIMENTAL IMMUNOLOGY, VOLUMES I- \%p irand C.
C. Blackwell eds 1986). 18 May 2004 6 Thus, bacterill cells can be transformed with an expression

vector which comprises the DNA template from which the dsSRNA is to be derived. Alternatively, the
cells of the mammal Hev R IANBIOH O Gl LA " R PR GGBE Haitormed with an
expression vector ocomprisisthebalrs ténPidteettonahicmnser gsiRimoinaedenivel copies of the

template may be by, endogepous R merase gf.the transformed cell or by a cloned.RNA
potymerase (.., A EHARRY) DRty B B e P UIL an BRI n vector.
The use and produetjoireaf mayehptessiomoahatithcreerpiession vactioe @rb{setbaMdeadis2016; US Pat
Nos. 5,593,874, 5,§98.,425, 5712.135 10 5,789,214, and 5,804 ..Inhibition of gepe expression
ey b taraiet by G ECRER SRSEA RO e QRO R LA a0 B Riontal conition
(e.g. infection, streszjdgenpesdRNA, milgmecady; afrttiéoirasfoneedngltramisg duiomed tRAl Aevelopmental
stage or age, espegiglyhiendhe SR inayninessedin e e mammal, dshlAay also be
delivered to specifﬁ: E0GEE D ypes 15 using khown 6ene égrlvery systems. RAOWRH eukaryotic
vectors include p\&ivésSipp SM2GA Thp OB 4hd pxddu ctiuh p$ éh axailessiefroomsStrettageevemd pSVK3,

e oo BB R Ao TUss ety sl oy vy of
skill in the afi. 5,789,214, and 5,804,693). Inhibition of gene expression may be targeted by

specific transcription in an organ, tissue, or cell type; an environmental condition

(e.g. infection, stress, temperature, chemical); and/or engineering transcription at

a developmental stage or age, especially when the dsRNA is synthesised in vivo

in the mammal. dsRNA may also be delivered to specific tissues or cell types

15 using known gene delivery systems. Known eukaryotic vectors include
PWLNEO, pSV2CAT, pOG44, pXT1 and pSG available from Stratagene; and
pSVK3, pBPV, pMSG and pSVL available from Pharmacia. These vectors are
listed solely by way of illustration of the many commercially available and well
known vectors that are available to those of skill in the art.

20
If synthesised outside the mammalian cell, the RNA may be purified prior to
introduction into the cell. Purification may be by extraction with a solvent (such
as phenol/chloroform) or resin, precipitation (for example in ethanol),
electrophoresis, chromatography, or a combination thereof. However,

25 purification may result in loss of dSRNA and may therefore be minimal or not
carried out at all. The RNA may be dried for storage or dissolved in an aqueous
solution, which may contain buffers or salts to promote annealing, and/or
stabilisation of the RNA strands.

30 dsRNA useful in the present invention includes dsSRNA which contains one or
more modified bases, and dsRNA with a backbone modified for stability or for

other reasons. For example, the phosphodiester linkages of natural RNA may be



20 If synthesised outside the mammalian cell, the RNA may be purified prior to introduction into the
cell. Purification may be by extraction with a solvent (such as phenol/chloroform) or resin, precipitation
(for example in ethanol), electrophoresis, chromatography, or a combination thereof. However, 25
purification may result in loss of dSRNA and may therefore be minimal or not carried out at all. The
RNA may be dried for storage or dissolved in an aqueous solution, which may contain éf rs or salts
to promote annealing, and/or stabilisation of the RNA strands. 30 dsRNA usef&gﬂﬁg gbj sent
invention includes dsRNA which contains one or moré modified bases, and dsRNA with a backbone

modified for stability or.for, other reasons. For example, the phosphodiester linkages of natural RNA
may bo 16 hay 2004 RAHISEG 5 e ATTSACE SHEOGP o DR GG ma s, Moreover,
dsRNA comprisingdsRNsvablmszingunbsasl ibasts)auoh asdaddsiek pasendsfieth msettityleiad bases, to
name just two exampl n be used in the invention. It will he appreciated that.a great variety of
odifications hwe SO LAERESo oA Rt 5 6, GECHRBlT 010 FoRdRaeoumERes o Dt kit the
art. The term dsRNbA appridcimethihiatye drbatreani esnbf acedi Bcationb éavie bty n enayamatiid Ay that
metabolically modified forms of NA, provided that it is derived.from an endqgen template. 10
The double-Strandel S/ UBN o) DA By LR LR b by FENOACGLEAVE or o
separate comple manitaisyeRINIbysdcrelsinFRMArdcgsl sucliarmatical lynaydyenaticatiydoeither inside or outside
the mammalian cell. The dsRNA ¢ risesad tranded structure, the seguence of which is 15
aubstantialy idenfiA R GO Ao D e e Gt L BB RAHORE o the
relationship betweendvgermusierepbaib/nucleotide (or polypeptide) sequences, as determined by
comparing the sequences. In the art, identity also means the degree of sequence relatedness

between polynucleotide
10 The double-stranded structure may be formed by a single self-complementary

RNA strand or two separate complementary RNA strands. RNA duplex

formation may be initiated either inside or outside the mammalian cell.

The dsRNA comprises a double stranded structure, the sequence of which is

15 “substantially identical” to at least a part of the target gene. “ldentity”, as known
in the art, is the relationship between two or more polynucleotide (or
polypeptide) sequences, as determined by comparing the sequences. In the art,
identity also means the degree of sequence relatedness between polynucleotide
sequences, as determined by the match between strings of such sequences.

20 Identity can be readily calculated (Computational Molecular Biology, Lesk,
A.M., ed., Oxford University Press, New York, 1988; Biocomputing: Informatics
and Genome Projects, Smith, D.W., ed., Academic Press, New York, 1993;
Computer Analysis of Sequence Data, Part I, Griffin, A.M., and Griffin, H.G.,
eds., Humana Press, New Jersey, 1994; Sequence Analysis in Molecular Biology,

25 von Heinje, G., Academic Press, 1987; and Sequence Analysis Primer, Gribskov,
M. and Devereux, J., eds., M Stockton Press, New York, 1991). While there
exist a number of methods to measure identity between two polynucleotide
sequences, the term is well known to skilled artisans (Sequence Analysis in
Molecular Biology, von Heinje, G., Academic Press, 1987; Sequence Analysis

30 Primer, Gribskov, M. and Devereux, J., eds., M Stockton Press, New York,
1991; and Carillo, H., and Lipman, D., SIAM J. Applied Math., 48: 1073 (1988).

Methods commonly employed to determine identity between sequences include,



sequences, as determined by the match between strings of such sequences. 20 Identity can be readily
calculated (Computational Molecular Biology, Lesk, A.M., ed., Oxford University Press, New York,
1988; Biocomputing: Informatics and Genome Projects, Smith, D.W., ed., Academic Press, New York,
1993; Computer Analysis of Sequence Data, Part I, Griffin, A.M., and Griffin, H.G., eds., Humana
Press, New Jersey, 1994; Sequence Analysis in Molecular Biology, 25 von He(ia?o'{]\?., Aggg[emic
Press, 1987; and Sequence Analysis Primer, Gribskov, M. and Devereux, J., by '<198%ton Press,
New York, 1991). While there exist a number of meth®ds to measure identity between two

polynucleotide sequences, the term is,well known ta skilled artisans (Sequence Apalysis in Molecular
Biology, von HeinUE AL NEIETSPa053 dlss ses et o GUSb BRRD cotbddot, M. and
Devereux, J., eds. AbBédaWtth. 189978 v 8) rkPraRortdanetitoasto deteravideligenaty, dde, SIAM J.

Applied Math., 48: 1073 (1988). Methods commonly employed to determine identity petween
etuences includc SN, SRS Bb08 arst OR Rt e e G BT AR SAS e iprman, 0.,
ShIAll\/I J. AppliedhI\éﬂathmﬂ&lhﬂéfﬁi(ﬂ%%@&’ilfééémed&mpéhe}dmmdrdeterrﬁ_mapéjmnqiﬁm@mndzﬂgge_d to give
the largest match between the sequences tested. Methods to determine jdentjty are codified in
compuer program bR IOUETE ITEATEAETS AR AHHE LR SeTHodredTs sequences
include, but are nolinhiteded, {6 C&Eopranrpankage KBpedidaxereakall, Netcidic MuoiteRebeatdshResearch

12(1: 367 (1964) BLASTE BRAST, ACHEATTAMAISCHYE S €1 . 1 Moleg ol 215 403

(1990)). Another so re pa Known in the aft™ for carryin Sprocedure’is the
CLUSTAL prograniviél emo B jmdr 8 $3h¢03 8 ndesotfamso ivwhn peldaigasednichinadsi thaeoptimal

alignment by inserging._spaces in either sequence a riate. The identity for an optimal alignment
cam also be caloa e O SO TR S P el o B L kSISL s (Eg AN “Rhins the arpes
stretch of sifilar seepuencesaridves pigya e lealitesa@blde ifidsitbe @riyamheal ppbernt byrmsarisan several
regions of similaritg may be fqund, each . . : . :
paces ineither Sequenice as appropriate. The identity for an optimal alignment

can also be calculated using a software package such as BLASTX. This program

aligns the largest stretch of similar sequence and assigns a value to the fit. For

any one pattern comparison several regions of similarity may be found, each

15 having a different score. One skilled in the art will appreciate that two
polynucleotides of different lengths may be compared over the entire length of
the longer fragment. Alternatively small regions may be compared. Normally

sequences of the same length are compared for a useful comparison to be made.

20 It is preferred is there is 100% sequence identity between the inhibitory RNA
and the part of the target gene. However, dsRNA having 70%, 80% or greater
than 90% or 95% sequence identity may be used in the present invention, and
thus sequence variations that might be expected due to genetic mutation, strain
polymorphism, or evolutionary divergence can be tolerated.

25
The duplex region of the RNA may have a nucleotide sequence that is capable of
hybridising with a portion of the target gene transcript (e.g., 400 mM NacCl, 40
mM PIPES pH 6.4, 1 mM EDTA, 50°C or 70°C hybridisation for 12-16 hours;
followed by washing).

30



15 having a different score. One skilled in the art will appreciate that two polynucleotides of different
lengths may be compared over the entire length of the longer fragment. Alternatively small regions
may be compared. Normally sequences of the same length are compared for a useful comparison to
be made. 20 It is preferred is there is 100% sequence identity between the inhibitory RNA and the
part of the target gene. However, dsRNA having 70%, 80% or greater than 90% or 95% soe uence
identity may be used in the present invention, and thus sequence variations th&?M&Ht%% éﬂ(pected
due to genetic mutation, strain polymorphism, or evolﬂtionary divergence can be tolerated. 25 The

duplex region of t may have g nucleatide nce that is capable of ridising with a

portion of the targeVDURE PRI JBEEAED AR ey i e e A FoR) BB A 0 or

70C hybridisation trdledddrihmntal coitivies thaaghexgrdionld MaRrRBOA ) Windslahst 2Htimum length

of the dsRNA may vary ac 86d tq the target gene and experimental conditions, the duplex region of
USRI

the RNA may be a 50, ?fd,n 6‘0, %60 '8Pthore bases long. 5 As used herein "target
gene" generally means a polynucleotide comprising a region that encodes a polypeptide, or a

polynucleotide regipn that requlates replication, trapscription or translation or other.processes
important togexpres'%léﬁedotpﬁggrbo ?/r EES@?O eg%rgl i %%%i%&oixrr‘r?ﬁr.eé’}%Sebc&'ﬁ‘%{'ﬁ'é $h that encodes
a polypeptide andregiegithatrecalelydipdlspdbigdelothatolgguid¢et dexqagenithat i€y lilatget genes may be
cellular genes presenf.(i:gtthe enome.or virratlrélsmS A Iro-virak genes that do nort el'ctit the interferon

replication, Hanscrigtion o an Qr 0 B I Processes 1mpor anito expression :
response, such as retrgviral’'genes. The fargét gene may bé a protein-coding gene or a non-protein

coding gene, suchadshe meEyeeptidehaaded youclbosdealdrigAsingimtbsoregioR that eRdbAss etc. 15 It is
preferred if the dsRN S ARSI IALGIICONGALE Mk RTD thE: B ktes expression.
10 Target genes may be cellular genes present in the genome or viral and pro-viral
genes that do not elicit the interferon response, such as retroviral genes. The
target gene may be a protein-coding gene or a non-protein coding gene, such as a

gene which codes for ribosmal RNAs, splicosomal RNA, tRNAs, etc.

15 It is preferred if the dsSRNA is substantially identical to the whole of the target
gene, i.e. the coding portion of the gene. However, the dsRNA can be
substantially identical to a part of the target gene. The size of this part depends
on the particular target gene and can be determined by those skilled in the art by
varying the size of the dSRNA and observing whether expression of the gene has

20 been inhibited.

In the present invention, dSRNA can be used to inhibit a target gene which

causes or is likely to cause disease, i.e. it can be used for the treatment or

prevention of disease. In the prevention of disease, the target gene may be one
25 which is required for initiation or maintenance of the disease, or which has been

identified as being associated with a higher risk of contracting the disease.

In the treatment of disease, the dsRNA can be brought into contact with the cells

or tissue exhibiting the disease. For example, dsSRNA substantially identical to
30 all or part of a mutated gene associated with cancer, or one expressed at high

levels in tumour cells, e.g. aurora kinase, may be brought into contact with or



gene, i.e. the coding portion of the gene. However, the dsRNA can be substantially identical to a part
of the target gene. The size of this part depends on the particular target gene and can be determined
by those skilled in the art by varying the size of the dsRNA and observing whether expression of the
gene has 20 been inhibited. In the present invention, dsRNA can be used to inhibit a target gene
which causes or is likely to cause disease, i.e. it can be used for the treatment or preveniign of
disease. In the prevention of disease, the target gene may be one 25 which is %%&a@ﬁ%@ﬁ%itiation or
maintenance of the disease, or which has been identifd as being associated with a higher risk of

contracting the disease, In the treatment of disease, the dSRNA _can be brought into contact with the
s or tissut oxtTTEE RO EAGoES S A T AR oy B A BB M Br part o &
mutated gene asspeeatad inidntiancen lor usee expreasaedatrbagimdiridelsahidumaursehd, e.g. aurora

kinase, may be br(iulg%t into contﬁﬁwith orl8 Maﬁ 2004 10 introduced intg.a cagcerous. ell or tumour
gene. Examples o TRREEIRWNIE '&g'par%%%%]ﬂﬁ\? RI3 rggth%na kG %‘Fi\%ﬁ{‘ FeRPifclude solid
tumours and leukagnoicsnénchrdingidaadalisaass) castimoaa lfea civatker, iveshg peliht carcinoid

syndrome, carcinojd heart disease, carcinoma (g.q., | asal cell, 5 basosquamoys
Brown-Poarge. duL CHR 0N NG AEl 2 PR BN et R R ARLfEbell ung, oat
cell, papillary, scirtedljsnincimocisj sian-sialhckib ey cosopedimuaps! ey, svidoassironetioddr), histiocytic
disorders, leukacpig (5.6, 5 ecl miked ech. ol eellid cell.Tisel shianie, FH AL associated,
lymphocytic acute, lymphocyti¢ cﬂronlc, mast Cell, and mye 0|85, 1 Snls%cy 0Sis malignant, Hodgkin
disease, immunoplelikaeatiad sgaB, cedin mibadigiaH, Igotbtednd cplh sheatl/ thinajagtidllveHdotheliosis,
melanoma, chondroblas{o(r:p , ndrpma,u%wcfndr sar cl)cm%rfibroma fibrosar omg],ogoiI nt cell

mours,nistiocyt ORI THRCEY A o O ER e Mo b et i come,
osteosarcobfa, Ewimgjisaytmmsanaygaarigrii@adgkin disease, immunoproliferative small, non-
Hodgkin lymphoma, plasmacytoma, reticuloendotheliosis, melanoma,
chondroblastoma, chondroma, chondrosarcoma, fibroma, fibrosarcoma, giant
cell tumours, histiocytoma, lipoma, liposarcoma, mesothelioma, myxoma,
myxosarcoma, osteoma, osteosarcoma, Ewing sarcoma, synovioma,

15 adenofibroma, adenolymphoma, carcinosarcoma, chordoma, cranio-
pharyngioma, dysgerminoma, hamartoma, mesenchymoma, mesonephroma,
myosarcoma, ameloblastoma, cementoma, odontoma, teratoma, thymoma,
trophoblastic tumour, adeno-carcinoma, adenoma, cholangioma, cholesteatoma,
cylindroma, cystadenocarcinoma, cystadenoma, granulosa cell tumour,

20 gynandroblastoma, hepatoma, hidradenoma, islet cell tumour, Leydig cell
tumour, papilloma, Sertoli cell tumour, theca cell tumour, leiomyoma,
leiomyosarcoma, myoblastoma, mymoma, myosarcoma, rhabdomyoma,
rhabdomyosarcoma, ependymoma, ganglioneuroma, glioma, medulloblastoma,
meningioma, neurilemmoma, neuroblastoma, neuroepithelioma, neurofibroma,

25 neuroma, paraganglioma, paraganglioma nonchromaffin, angiokeratoma,
angiolymphoid hyperplasia with eosinophilia, angioma sclerosing, angiomatosis,
glomangioma, hemangioendothelioma, hemangioma, hemangiopericytoma,
hemangiosarcoma, lymphangioma, lymphangiomyoma, lymphangiosarcoma,
pinealoma, carcinosarcoma, chondrosarcoma, cystosarcoma, phyllodes,

30 fibrosarcoma, hemangiosarcoma, leimyosarcoma, leukosarcoma, liposarcoma,
lymphangiosarcoma, myosarcoma, myxosarcoma, ovarian carcinoma,

rhabdomyosarcoma, sarcoma (e.g., Ewing, experimental, Kaposi, and mast cell),



15 adenofibroma, adenolymphoma, carcinosarcoma, chordoma, cranio- pharyngioma, dysgerminoma,
hamartoma, mesenchymoma, mesonephroma, myosarcoma, ameloblastoma, cementoma, odontoma,
teratoma, thymoma, trophoblastic tumour, adeno-carcinoma, adenoma, cholangioma, cholesteatoma,
cylindroma, cystadenocarcinoma, cystadenoma, granulosa cell tumour, 20 gynandroblastoma,
hepatoma, hidradenoma, islet cell tumour, Leydig cell tumour, papilloma, Sertqli cell tumour, theca
cell tumour, leiomyoma, leiomyosarcoma, myoblastoma, mymoma, myosarcorﬁg,wmbg@n{/oma,
rhabdomyosarcoma, ependymoma, ganglioneuroma, éiioma, medulloblastoma, meningioma,

neurilemmoma, neuroblastoma, nguroepithelioma, neurofibroma, 25 negroma, paraganglioma,
paraganglioma noAELPSHRT i GDEo A N A e B e R BBl angioma
sclerosing, angionpgitoiisy, Jbativailaicoriaidheman groemabitehoria dresoasgitema abeusiie)giopericytoma,
hemangiosarcoma, lymphangioma, lymphangiomyoma, lymphangiosarcom inealoma,
carcinosarcoma, CR%YHH{)&%%B&% rXﬁE@&@r&?ﬁ%’ﬁ%l%%‘é@%) 8%%@8@8?&&%%@iosarcoma,
leimyosarcoma, ledisslastrasd besamutitindyimphiohgieHa ey becoyesanomr talisagxosarcoma,

ovarian carcinoma, rhabdomyasarcoma,. sarco %e. .. Ewing, experimental,, Kaposj, and mast cell),
76 May 2004 11 B e o b e 8400 T BEcre Ly ool DG
pituitary, testicularsachitalcieract @napye ckyatberapy Neypensesyste nad mtimnstherapy\acd-dspiratory tract,
and urogenital), nqﬂgofibromatosis, and cervical dysplasia, and other conditions in which cells have
become immortalised or 5 transformed. The invention could be used in combination with other
treatments, such as chemotherapy, cryotherapy, hyperthermia, radiation therapy, and the like. The

present invention nilﬁ]g also he used in the treatment aoplcri1 H{g% axis. of qther hlqa()Zi(LS% SSRe respemally

: e presentanvention may afso be se IMefit and prophy]
those associated with expression or overexpression of a particular gene or genes. For example,

expressionldf genelsassscesieat iy ttrose associated with expression or overexpression of a
particular gene or genes. For example, expression of genes associated with the
immune response could be inhibited to treat/prevent autoimmune diseases such
as rheumatoid arthritis, graft-versus-host disease, etc. In such treatment, the
dsRNA may be used in conjunction with immunosuppressive drugs. The most

15 commonly used immunosuppressive drugs currently include corticosteroids and
more potent inhibitors like, for instance, methotrexate, sulphasalazine,
hydroxychloroquine, 6-MP/azathioprine and cyclosporine. All of these
treatments have severe side-effects related to toxicity, however, and the need for
drugs that would allow their elimination from, or reduction in use is urgent.

20 Other immunosuppressive drugs include the gentler, but less powerful non-
steroid treatments such as Aspirin and Ibuprofen, and a new class of reagents
which are based on more specific immune modulator functions. This latter class
includes interleukins, cytokines, recombinant adhesion molecules and
monoclonal antibodies. The use of dsSRNA to inhibit a gene associated with the

25 immune response in an immunosuppressive treatment protocol could increase the
efficiency of immunosuppression, and particularly, may enable the administered
amounts of other drugs, which have toxic or other adverse effects to be

decreased.

30 The following classes of possible target genes are examples of the genes which
the present invention may used to inhibit: developmental genes (e.g., adhesion

molecules, cyclin kinase inhibitors, Wnt family members, Pax family members,



immune response could be inhibited to treat/prevent autoimmune diseases such as rheumatoid
arthritis, graft-versus-host disease, etc. In such treatment, the dsRNA may be used in conjunction with
immunosuppressive drugs. The most 15 commonly used immunosuppressive drugs currently include
corticosteroids and more potent inhibitors like, for instance, methotrexate, sulphasalazine
hydroxychloroquine, 6-MP/azathioprine and cyclosporine. All of these treatme tFéF
side-effects related to toxicity, however, and the need for drugs that would allo % t|on from,
or reduction in use is urgent. 20 Other immunosuppré%?sive drugs include the gentler, but less

powerful non- stergjd tre nt h as As |r| profe and ents which
are based on mor&f‘ﬂgeﬁﬂm 3!‘ u% ‘ﬁ)ﬁgn e[%rcag) ”‘?ﬁfwﬂ% 0% (%I’eukms,
cytokines, recombam%adhesepmmoge@wtamatf@temmnoal@md)armmmt@sr%eptu&e of dsRNA to inhibit a
gene associated with the 25 immune r onse in a |mmunosu es tocol could
increase the efﬁugﬁw) nwgrgsaurgpfél ! ﬁepcjlﬂr pgﬂ?ggl%{}?ﬁ %y%ﬁitt ?ﬁ@%@rﬁ#‘l tered
amounts of other dB@is, \@Béh\BaQBtQﬂSErR)tERIBad\EWEﬁ%m B SdeEmRS €T30, The following
classes of ppssibl r a ti ay used to
inhibit: deve opmeqr? g%t es (e. g'\:rl %gléeggnﬁgnél‘éculgg%tﬁg En%?ﬁr%@s%ﬁ My members,
Pax family membekYT3 MW:IZG)ON/IYZ:WhgbdﬂwﬂleﬁrﬁthREbe&R@-tdemmtmm’mbrs
cytokines/lymphokj nd their rece tors th/d ors,
neurotransmitters étp Ed§ helr re%resp ESSF] ogen (E%SE?EE&%‘%@%%?%%@ A2, CBL,
CSFIR, ERBA, ERBB, EEERBRBETB?EHEa'hSWE][)VEndeFQm;d:%Qﬁg FAXGR Id@ﬁtuHE%ASndJUN KRAS,
LCK, LYN, MDM2,

VES); tumour supPRALGEY ek A0 s SR BB ke A Ve N ERAS e Tros.
and WT1); Hhd enaymbsde .gnyhiiudesdasessedadasds, cellulases, cyclooxygenases,
decarboxylases, dextrinases, DNA and RNA polymerases, galactosidases,
glucanases, glucose oxidases, GTPases, helicases, hemicellulases, integrases,
invertases, isomerases, kinases, lactases, lipases, lipoxygenases, lysozymes,
pectinesterases, peroxidases, phosphatases, phospholipases, phosphorylases,
15 polygalacturonases, proteinases and peptideases, pullanases, recombinases,

reverse transcriptases, topoisomerases, and xylanases).

In a preferred embodiment of the first aspect, the dsSRNA is not derived from -

glucuronidase. In a second aspect, the present invention provides a method for
20 inhibiting the expression of a target gene in a mammalian cell, the method

comprising:

introducing into the cell an RNA comprising a double stranded structure having

a nucleotide sequence which is substantially identical to at least a part of the

target gene and which is derived from an endogenous template, wherein the

25 dsRNA is not derived from g-glucuronidase.

Inhibition of the expression of a target gene can be verified by observing or
detecting an absence or observable decrease in the level of protein encoded by a
target gene (this may be detected by for example a specific antibody or other

30 techniques known to the skilled person) and/or mRNA product from a target
gene (this may be detected by for example hybridisation studies) and/or

phenotype associated with expression of the gene. In the context of a medical



hydroxylases, ADP-glucose pyrophorylases, ATPases, alcohol dehydrogenases, 10 amylases,
amyloglucosidases, catalases, cellulases, cyclooxygenases, decarboxylases, dextrinases, DNA and
RNA polymerases, galactosidases, glucanases, glucose oxidases, GTPases, helicases,
hemicellulases, integrases, invertases, isomerases, kinases, lactases, lipases, lipoxygenases,

lysozymes, pectinesterases, peroxidases, phosphatases, phospholipases, phofgﬁéﬂ%?ﬁ 15
polygalacturonases, proteinases and peptideases, pullanases, recombinases, Zécriptases,
topoisomerases, and xylanases). In a preferred embodiment of the first aspect, the dsRNA is not

derived from /3- glucuronidase.. In a.secqnd, aspect present.inveption provides a method for 20
nibiting the exprd STEOh- RS H G A ot AL IS S BR TaP Hiclucing into
the cell an RNA carhpeiging a chanbkeistiendiceastrootiditdneoingubjpocieaiices aaqigstionivhich is
substantially identical tq at least a part of the ta?ﬁ %fne arﬁ \ﬂ/hic IS deri\ﬁed frgﬁ arthendogenous
template, wherein HEPEYRRRA TR At HERES ok '—Sg?ﬁfg 8Hida eS.OIRHibit{SRer Me (?(pression of a
target gene can bentahitah liy/spbskiving. tne detretsignaot dirxstinge germbsandbiedledtesge in the level
of protein encoded b target gene, (this may be detected by for example a specific antibody or other
30 techniqués knovmvf%/q%eﬁfgﬁﬁgeanpéﬁsﬁi egq%%? ﬂiﬁﬁ,&%lroduct from a target gene (this may be
detected by for example hybridisation studies) and/or phenotype associated with expression of the
gene. In the contet ofa medicel 48 Viax 2004 A2 treaument, verficaen finibition el e expression
of a target gene may be Dy observing a change’in the disease condition of & subject, such as a

reduction in sympteithsargiesaieam \&idbdingits iactvedihseasevsiadty arfdastoos) iRietinglidye the inhibition

is specific, i.e. the exlﬁéeosfségn of. the targ&t gene IS inhi%)ited ithoulx manifest effects on the other

genes of the cell. TRe amourrlrtug%scféﬁﬂpA admristered ocgnr%l'\gr%nrr?al grrg%fgéntﬁ/le Beﬁ%nl%hibition

10 which is to be inhibited, the disease or disorder to be treated and so on. The
present inventors have found that, when injecting 10 pl into an oocyte or cell of
the early embryo, solutions having dsRNA at a concentration in the range of
from 0.01 to 40 mg/ml, preferably 0.1 to 4 mg/ml and most preferable 0.1 to 2
mg/ml are effective. Thus, the dSRNA may be administered to provide 0.1 to

15 400 pg, preferably 1 to 40 pg and most preferably 1 to 20 pg in each cell.

The cell having the target gene may be from the germ line or somatic, totipotent
or pluripotent, dividing or non-dividing, epithelium, immortalised or
transformed, or the like. The cell may be a stem cell or a differentiated cell. Cell
20 types that are differentiated include adipocytes, fibroblasts, myocytes,
cardiomyocytes, endothelium, neurons, glia, blood cells, megakaryoctyes,
lymphocytes, macrophages, neutrophils, eosinophils, basophils, mast cells,
leukocytes, granulocytes, keratinocytes, chondrocytes, osteoblasts, osteoclasts,
hepatocytes, and cells of the endocrine or exocrine glands. The cell may be any
25 individual cell of the early embryo, and may be a blastocyte. Alternatively, it

may be an oocyte.

It is known that mammalian cells can respond to extracellular dSRNA and

therefore may have a transport mechanism for dsSRNA (Asher et al, Nature 223
30 715-717 (1969)). Thus dsRNA may be administered extracellularly into a

cavity, interstitial space, into the circulation of a mammal, or introduced orally.

Methods for oral introduction include direct mixing of the RNA with food of the



will vary between wide limits according to a variety of factors, including the route of administration, the
age, size and condition of the mammal, the gene 10 which is to be inhibited, the disease or disorder to
be treated and so on. The present inventors have found that, when injecting 10 pl into an oocyte or
cell of the early embryo, solutions having dsRNA at a concentration in the range of from 0.01 to 40
mg/ml, preferably 0.1 to 4 mg/ml and most preferable 0.1 to 2 mg/ml are effect; ve Thu 4e dsRNA
may be administered to provide 0.1 to 15 400 pg, preferably 1 to 40 pg and mo ?ph@% %@ 1to 20 pg
in each cell. The cell having the target gene may be fré™ the germ line or somatic, totipotent or

pluripotent, dIVIdInﬂ' or nonI d|V|d|il%, epitheliu |mmortP alised hransform gjﬁgr the lijke. The cell may
be a stem cell or a 1Pl CER. SE-NT0T Sggrﬂff‘g S?én F ftited 5h 538‘?53&&8
fibroblasts, myocytesd tsaedg)mymzyteexpraieﬂihelmmnmmieﬂ tglthe haothedis bmetfadtadyoctyes,
lymphocytes, macrophage s 8 hil e05| [ asophil ast cells, leukocytes, granulocytes,
keratinocytes, choﬁé:i:c? f gl% E”%S%lé sﬁggﬂ%cbg{’gsg?g? Q?%’?SI §a81sfﬂ'zn§§é§crine or
exocrine glands. Tpm@edbmwmmm(s’eﬁ me@uamuwnaymuspmmmlm may be a blastocyte.
Alternatively, it may be an gocyte. I is kngw Ilan cells ¢ Hes d to. ex cellular
dsRNA and Stherefe%téavaascﬂgr érafr%trlu errh q'(isa f ¥nm%r oY @%er eéi %Er?\?g u?e@ﬂ
715-717 (1969)). TdresitsRNArethy ENAdnawls@arqebtedracellularly |nto a cavity, interstitial space, into
the circulation of a mammal, or introduced orally. Methods for oral introduction include direct mixing of
the RNA with food of the 18 May 2004 14 mammal, as well as engineered approaches in which a
species that is useddAa rimcb'fsietlgdwecbidtmthe(pedalsimﬂaeelﬂmmyheﬁhted:abrtmmda;mfnal to be
affected. For exam)_i{l}((al food bac eria sgch as %ococc ctls may traﬂgﬁfﬂ t&ned t% produce the
10

dsRNA (see w093 'W&g‘}ﬁﬁgﬁ > VRLER"5r eextravgsrcéapar Gircura SR04 or lymph
systems arid) the cedeirosipnedIuing the microinjection techniques described in Zernicka-Goetz,.

et al. Development 124, 1133-1137 (1997) and Wianny, et al. Chromosoma 107,
430-439 (1998).

Other physical methods of introducing nucleic acids intracellularly include

15 bombardment by particles covered by the RNA, for example gene gun
technology in which the dsRNA is immobilised on gold particles and fired
directly at the site of wounding. Thus, the invention provides the use of an RNA
comprising a double stranded structure having a nucleotide sequence, which is
substantially identical to at least a part of a target gene in a mammalian cell and

20 which is derived from an endogenous template, in a gene gun for inhibiting the
expression of the target gene. Further, there is provided a composition suitable
for gene gun therapy comprising: an RNA comprising a double stranded
structure having a nucleotide sequence which is substantially identical to at least
a part of a target gene in a mammalian cell and which is derived from an

25 endogenous template; and gold particles. An alternative physical method
includes electroporation of cell membranes in the presence of the RNA. dsRNA
can be introduced into embryonic cells by electoporation using conditions
similar to those generally applied to cultured cells. Precise conditions for
electroporation depend on the device used to produce the electro-shock and the

30 dimensions of the chamber used to hold the embryos. This method permit RNAI
on a large scale. Any known gene therapy technique can be used to administer

the RNA. A viral construct packaged into a viral particle would accomplish both



are sites where the RNA may be injected. RNA may be introduced into the cell intracellularly. Physical
methods of introducing nucleic acids may also be used in this respect. The dsSRNA may be 10
administered using the microinjection techniques described in Zernicka-Goetz,. et al. Development
124, 1133-1137 (1997) and Wianny, et al. Chromosoma 107, 430-439 (1998). Other physical methods
of introducing nucleic acids intracellularly include 15 bombardment by particles overegé) the RNA,
for example gene gun technology in which the dsRNA is immobilised on gold p&%ilyll@%’ §ﬁred
directly at the site of wounding. Thus, the invention pré@ides the use of an RNA comprising a double
stranded structure having a nuclegtide sequence, which is_sybstantially jdentical to at least a part of a
Caraet gene i & AT LERAHASE AL P S AT Sl s A THRUOT P gene cur
for inhibiting the eRpiAssicodetithy ttargrpigssion Eundirictthettds metvide drovonipdstionfeuitable for
gene gun therapy comprising: an RNA.comprising a double stranded . structure having a nucleotide
cequonce which 1o CUBRHGHLT HanFE o P S BARSr SUEGod GEH BHEA Ghon con anc
which is derived frammspo S ehedicanedi det platep ent b geidipeatodies . phosphiets) atidethEhlyikécal method
includes elegtropoﬁion ﬂf @Kwembranes iglﬂthe presence of the RN,%\.t SEQN can be introduced into
embryonic cells by %%t&ﬁor oG |RS oSt Qi oc%g%nsréﬁerg )9%%%%8?8 Cuitured cells.
Precise conditionsrfmrealé tteofodiation detpeitidsoretiharte\RieAiaptiio ipyabe cel ther@texttro-shock and
the 30 dimensions of (e, hamberised (g hold e sbiyos, I mether Ry RNAY on @ large
scale. Any known genée Ihgrapy ?eclanlque SAN bE USeY 10 administer e RRILAH S construct
packaged into a viratgastdlehibtidd efttentplishdeoth X8tMasg20io4nbmeafiicipat ermedsestRNAT an

expression constrL#ct into the cell ar}d transcription of RlalA ed'lgod d % the %xeoression co?struct.
rom.a recompipant construct may b?eoro uced By nfrodacin constructinto

Other methods known in the art tor introducing rucleic acids to’cells may be used, such as

lipid-medial€d carrdéezygote, an embryonic stem cell, or another multipotent cell derived from the

appropriate mammal.

The invention also provides an RNA comprising a double stranded structure
having a nucleotide sequence which is substantially identical to at least a part of
15 a target gene in a mammalian cell and which is derived from an endogenous

template for use in medicine.

In another aspect, the invention provides the use of an RNA in the production of

an agent, e.g. a medicament, for inhibiting the expression of a target gene in a
20 mammalian cell, the RNA comprising a double stranded structure having a

nucleotide sequence which is substantially identical to at least a part of the target

gene and which is derived from an endogenous template.

The medicament will usually be supplied as part of a sterile, pharmaceutical

25 composition which will normally include a pharmaceutically acceptable carrier.
Thus, the invention also provides a pharmaceutical formulation comprising an
RNA which comprises a double stranded structure having a nucleotide sequence
which is substantially identical to at least a part of a target gene in a mammalian
cell and which is derived from an endogenous template, together with a

30 pharmaceutically acceptable carrier.



transport, chemical-mediated transport, such as calcium phosphate, and the like. 5 Thus, the RNA
may be introduced along with components that perform one or more of the following activities:
enhance RNA uptake by the cell, promote annealing of the duplex strands, stabilise the annealed
strands, or otherwise increase inhibition of the target gene. A transgenic mammal that expresses RNA
from a recombinant construct may be produced by introducing the construct int‘lo? %ﬁ az ]%ﬁt , an
embryonic stem cell, or another multipotent cell derived from the appropriate |.“Tre" invention
also provides an RNA comprising a double stranded stfucture having a nucleotide sequence which is

substantially identical to at least rt of 15 a target gene inam alian cell and which js derived
from an endogenol B'SEHRETREFHIF Lo RRRRERE R S Mae LRI Foral RS RN SRR the use
of an RNA in the pdesivetinrethbdeof agraitiseedngimedipatiest)!, fionaybbipruyidesl éxpnitsvsayef a target

geneina 20 mam?1alian I, the R%A comprising a dpuble trande%stru ture haying a_nucleotide
Sequence which s/ QUBo MRS RIBAPE 98 e e e RIS e RE RRUsrhen e erived from
an endogenous tewfadie. Tiehmkilicaoidmnowmwials (@thobghaugpkeessesiparinofuasinsitactdramaceutical

25 composit,\'éon w 'crh will ﬂ[ormaJ([I;}/rl:leud a}agharrinac uti aé%acc%rr)table carrier. Thus, the invention
also provides a phaornliﬁ%eu (LAY 10 GfadEn'e IMp?‘IS?’I%I 4 a4 |c,rﬂsi:omprises a double stranded
structure having a nucleotide sequence which is substantially identical to at least a part of a target
geneina mammaLilzhré ?%II ag(%u i%i’ﬁh IS desri%zled fronban anfi%q%pg %i%?gﬂfﬁ{%r?bto%ether with a 30
pharmaceutically acceBtaE)rPe camar. o8 Pﬁ)ay B85 peharmaceutlca c3MmpoZition may be in any
suitable form, (de psapdapgiatp coutbefod esaraplerstittedood] 4 ohriundsig togcdl tor aybditignd)), Itattaly be provided

in unit dosage form, will generally, be provided in a sealed container and may be provided as part of a
. Such a ko wou Do GG ROt et LR SR it BPiaear
10 (including subcutaneous, intramuscular, intravenous or intradermal) route. Such
compositions may be prepared by any method known in the art of pharmacy, for
example by admixing the active ingredient with the carrier(s) or excipient(s) under

sterile conditions.

15 Pharmaceutical compositions adapted for oral administration may be presented as
discrete units such as capsules or tablets; as powders or granules; as solutions,
syrups or suspensions (in agueous or non-aqueous liquids; or as edible foams or
whips; or as emulsions). Suitable excipients for tablets or hard gelatine capsules
include lactose, maize starch or derivatives thereof, stearic acid or salts thereof.

20 Suitable excipients for use with soft gelatine capsules include for example

vegetable oils, waxes, fats, semi-solid, or liquid polyols etc.

For the preparation of solutions and syrups, excipients which may be used include
for example water, polyols and sugars. For the preparation of suspensions oils (e.g.

25 vegetable oils) may be used to provide oil-in-water or water in oil suspensions.

Pharmaceutical compositions adapted for topical administration may be formulated
as ointments, creams, suspensions, lotions, powders, solutions, pastes, gels, sprays,
aerosols or oils. For infections of the eye or other external tissues, for example

30 mouth and skin, the compositions are preferably applied as a topical ointment or
cream. When formulated in an ointment, the active ingredient may be employed

with either a paraffinic or a water-miscible ointment base. Alternatively, the active



5 for use. It may include a plurality of said unit dosage forms. The pharmaceutical composition may be
adapted for administration by any appropriate route, for example by the oral (including buccal or
sublingual), rectal, nasal, topical (including buccal, sublingual or transdermal), vaginal or parenteral 10
(including subcutaneous, intramuscular, intravenous or intradermal) route. Such compositions may be
prepared by any method known in the art of pharmacy, for example by admixi% t&@?%aﬁ ingredient
with the carrier(s) or excipient(s) under sterile conditions. 15 Pharmaceutical c ti 4adapted for
oral administration may be presented as discrete unitd’such as capsules or tablets; as powders or
granules; as solutions rups or syspensions (qin agueouys or non-aqyeous liguids; or as edible foams
or whips; or as erﬁ'ﬂl%?gt'séﬁt. %@Xté%l%@ilﬁ)t%ﬂﬂ 8&%&@‘[@0%%%”@@%%% g’ﬁfgso "Rclude lactose,
maize starch or dewsgtiviesihibasnf Pateariceatichbeopatissitiens aflapte Sloitadyecabaipiamisadionse with soft
gelatine capsules include for mple veget bIe.oi\éa waxes, fats, semi- olii, or liquid polygls etc. For
the preparation of SO GEHEIBIL e e i dee) SeIRT o ot or SRt wacer
polyols and sugarsnfaauitaélpieapdentespeoiatysrengiens odbk/éatg PRarregeaitbit cilsposidipize used to

provide oil-in-water or water in ail suspensions. Pharmaceytical compositions adapted for topical
Bministaticn may PR R RE A0 LA AIRS 1 0k ot e R BRae, soluons
pastes, gels, sprayaputiereasbissor oils. For infections of the eye or other external tissues, for example
30 mouth and skin, the compositions are preferably applied as a topical ointment or cream. When
formulated in an ointment, the active ingredient may be employed with either a paraffinic or a
water-miscible ointPhemhdxzsé callbempasratysthdapietivierl8cid bydatinistbati angragibapresepted dsrmulated

in a cream with an oil-in-water cream base or a water-in-oil base. Pharmaceutical compositions
. Isu%'oosnones Qr Enemas. . : O S
adapted for topical administration” to the eye include eye drops wherein the active ingredient is

dissolved disuspended in a suitable carrier, especially an aqueous solvent. Pharmaceutical

compositions Pharmaceutical compositions adapted for nasal administration wherein the carrier is

a solid include a coarse powder having a particle size for example in the range 20 to

500 um which is administered in the manner in which snuff is taken, i.e. by rapid

inhalation through the nasal passage from a container of the powder held close up

15 to the nose. Suitable compositions wherein the carrier is a liquid, for administration
as a nasal spray or as nasal drops, include aqueous or oil solutions of the active

ingredient.

Pharmaceutical compositions adapted for administration by inhalation include fine
20 particle dusts or mists which may be generated by means of various types of

metered dose pressurised aerosols, nebulizers or insufflators.

Pharmaceutical compositions adapted for vaginal administration may be presented
as pessaries, tampons, creams, gels, pastes, foams or spray formulations.

25
Pharmaceutical compositions adapted for parenteral administration include aqueous
and non-aqueous sterile injection solution which may contain anti-oxidants, buffers,
bacteriostats and solutes which render the formulation substantially isotonic with
the blood of the intended recipient; and agueous and non-aqueous sterile

30 suspensions which may include suspending agents and thickening agents.

Excipients which may be used for injectable solutions include water, alcohols,
polyols, glycerine and vegetable oils, for example. The compositions may be



5 adapted for topical administration in the mouth include lozenges, pastilles and mouth washes.
Pharmaceutical compositions adapted for rectal administration may be presented as suppositories or
enemas. 10 Pharmaceutical compositions adapted for nasal administration wherein the carrier is a
solid include a coarse powder having a particle size for example in the range 20 to 500 m which is
administered in the manner in which snuff is taken, i.e. by rapid inhalation thro%%ly g@il passage
from a container of the powder held close up 15 to the nose. Suitable composit n the carrier
is a liquid, for administration as a nasal spray or as n asal drops, include aqueous or oil solutions of

the active ingredient. Phﬁﬂimace tical compl sitions a%\ Eted radmlnlstr%t?{ Ealatltin include
fine 20 particle dulteSst é?su\w ‘P?%%Ey%‘ NErAEG'BY A5 LY Sr?S & 35@3508 AElered dose
pressurised aeros&lralmabtwhrzwsa@stmsdﬁﬂxaatcﬁree@lmmqwudaded@nmrdmm”recmmmmI&otheaginal
administration may resented ess ries, t ons, creams els stes, foam rspray
formulations. 25 PASTHAL O ML L AL S e B AR Re aqueous
and non-aqueous gptéileingectitxesgiutimpaubiciectiay mﬂntmmandmmmﬂtsnbmﬁgfm Moeutedostats and
solutes Whl%] rendfr th fo mulat on substgntlalg/ta@% n|c with the blood of the intended recipient; and

aqueous and non- e St%?lle 9o AEPERSTH ch may include suspending agents and
thickening agents. EXC|p|ents which may be used for |njectable solutions include water, alcohols,
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stored in a freeze- dgmds(l;tabimlsgm)gemsdmrin@qganmgernnﬂjsthersasimatmm tbel @temilis, liquid carried,

for example water f%brr] st'%Q% mbs grigég of the present invention may themselves be provided in

10 the form of a pharmaceutically acceptable salt), buffers, coating agents or
antioxidants. They may also contain therapeutically active agents in addition to the

substance of the present invention.

Dosages of the substance of the present invention can vary between wide limits,

15 depending upon the disease or disorder to be treated, the age and condition of the
individual to be treated, etc. and a physician will ultimately determine appropriate
dosages to be used. This dosage may be repeated as often as appropriate. If side
effects develop the amount and/or frequency of the dosage can be reduced, in
accordance with normal clinical practice.

20
The present invention may be used alone or as a component of a kit having at
least one of the reagents necessary to carry out the in vitro or in vivo introduction
of RNA to subjects. Preferred components are the dsRNA and a vehicle that
promotes introduction of the dsRNA. Such a kit may also include instructions to

25 allow a user of the kit to practice the invention.

According to a further aspect of the present invention, there is provided a method
for inhibiting the expression of a target gene in a mammalian cell, the method
comprising:

30 introducing into the cell an RNA comprising a double stranded structure
having a nucleotide sequence which is substantially identical to at least a part of

the target gene; and



prior to use. Extemporaneous injection solutions and suspensions may be prepared 5 from sterile
powders, granules and tablets. The pharmaceutical compositions may contain preserving agents,
solubilising agents, stabilising agents, wetting agents, emulsifiers, sweeteners, colourants, odourants,
salts (substances of the present invention may themselves be provided in 10 the form of a
pharmaceutically acceptable salt), buffers, coating agents or antioxidants. The also contain
therapeutically active agents in addition to the substance of the present inventi %g%% of the
substance of the present invention can vary between wide limits, 15 depending upon the disease or

disorder to be treated, the age and condition of. the indjvidual to be freated, etc. and a physician will
ultimately determine appr%%?%@?%xgg é@%n%ébﬂg%‘?h%gra%sé%g}rﬁgy%gerte%eégtew;é'gﬂen as
appropriate. If sideaspHecis idgvefordd ehanicRNHiE defieepifroay af éheodesageteanlbte reduced, in
accordance with normal clinical practice. 20 The present invention may be used alone or as a
component of a kit having at least one of the reagents necessary to carry out the in vitro or in vivo

introduction of RNIA tofsuhge atpelrefer peesconipantiots mow ithes dsRitddfat aatinglerthat promotes
introduction $)f the dsRNA. Such a l§it ma{yda so include iﬁstrthctions to 25 allow a uFer of the kit to
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practice the nvent%ﬁ‘.’%&@&raiﬁ%n 2R é?eggf)géysoefdt ¥% %ﬁpﬁpfelﬂtﬁoma{ﬂ@%’ls provided a
method for inhibiticgntpasingaredagingotha tangettggeadénto aomtachnvthadsRBIA the imeg theedjuenceprising: 30

which is scbstantidh) IeRULar B DAL A e B e g e e e R B S ey
verifying inhibition vfiepmfessdthaf the Rt et gengedfitis aaspelogdhmiptedgytad. that the RNA is
derived from an endogenous template.
10 The present invention may be used to manipulate gene expression in the oocyte
to treat infertility, particularly in humans. It may also be used to regulate the
processes of chromosome disjunction. In humans, there is an increased
incidence of chromosome non-disjunction in mothers over 35 years of age,
leading to Downs syndrome offspring and spontaneous abortion. A number of
15 cell cycle regulatory molecules are now known that promote several aspects of
cycle progression that include cyclin dependent kinases, cyclins, polo kinase,
aurora kinase, min A kinase, protein phosphatases, compounds of the anaphase
promoting complex and its regulatory molecules, compounds of the proteosome,
the SCF complex, compounds of the centrosome, components of the kinetochore,
20 structural proteins of chromosomes, DNA replication enzymes, DNA
recombination proteins and DNA repair proteins. The invention may be used to
modulate the expression of one or more of the above proteins to ensure correct

segregation of chromosomes.

25 The invention may also be used to manipulate the cell cycle stages of recipient
enucleated zygotes and donor cells that provide the nuclei for the cloning of
mammals (see WO97/07668). Experience with the cloning of sheep and mice
shows a need to optimise the cell cycle stage of the recipient egg prior to its
enucleation, and to take down nuclei from cells at a specific stage, frequently,

30 but not necessarily, G, cells. Application of the present invention to arrest one
or more of the cells cycle molecules indicated above may be used to this end.



In a further aspect, the present invention provides a method for treating or 5 preventing a condition or
disease caused by a target gene in a mammal, comprising: bringing the target gene into contact with
dsRNA having a sequence which is substantially identical to at least a part of the target gene. In this
aspect, itis preferred that the RNA is derived from an endogenous template. 10 The present invention
may be used to manipulate gene expression in the oocyte to treat infertility, particularly_in humans. It
sjunction. In humérdath2pR
may also be used to regulate the processes of chromosome disjunction. In hu ; IS an
increased incidence of chromosome non-disjunction it®mothers over 35 years of age, leading to

Downs syndrome qffspring and spontaneous ahortion umber of 15 cell cycle regulatory molecules
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anaphase promoting complex and its regulatory molecules, compounds of the proteosome, the SCF
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stages of recipientreininoteatedi mpgbtes| astocgsinohare lp dhalh gy demterth e corpleiated tinéodloning of
mammals (see W097/Q7668). Experience, with t loning .of. sheep,and mice . shows a need to
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pluripotent t&lls in oediéurto proderxqecpddtiat BEfeedriize daodik tygiels ikireddeoim all mammals
and indeed methods for establishing human ES cell lines have already been
established. The differentiation of pluripotent cell types into specific cell types
requires that certain pathways of gene expression are turned off and others are
turned on. The present invention can be applied to eliminate key proteins within
15 such regulatory pathways in order to direct ES and other embryonic cells to
differentiate into specific cell types. The invention may therefore be used to
interfere with the expression of developmental genes (such as those mentioned
herein) to direct cell differentiation along preferred pathways. It is also known
that certain cell types complete their differentiation upon exit from the cell
20 division cycle. The invention may therefore also be used to inhibit cell cycle
regulatory molecules, such as those listed above. These dsRNAs may be used
directly or expressed from regulatable promoters to effect the final stages of cell

differentiation.

25 The invention also provides a mammalian cell containing an expression
construct, the construct coding for an RNA which forms a double stranded
structure having a nucleotide sequence which is substantially identical to at least
a part of a target gene and which is derived from an endogenous template, as
well as a transgenic mammal containing such a cell.

30
When used herein, “treatment/therapy” includes any regime that can benefit a

human or non-human animal, and “comprising/having” covers anything



transplantation to replace diseased or otherwise non-functional tissue. One example of pluripotent
cells are the embryonic stem (ES) cells from pre 5 implantation embryos. It is well known in the art that
mouse ES cells can be reintroduced into the blastocyst whereupon they become incorporated into the
developing embryo, develop and differentiate into all bodily cell types and structures. ES cells can
also be induced to differentiate in vitro into a wide range of cell types following the remgyal of specific
growth factors from the culture 10 medium. It is expected that ES cell lines can (M%gésa{led from all
mammals and indeed methods for establishing huma#lES cell lines have already been established.

The differentiation of pluripotent cell types.intq specific cell types requires that certain pathyays of
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eliminate key protefaaunalbinarhbtatsticrégtiabich plathvesysérooreretadditeaidES and other embryonic

cells to differentiae}ei to specific cell.types. The invention may therefore be used to interfere with the
iR EEy

expression of dev gFr 88 &ich as those mentioned herein) to direct cell differentiation
along preferred pathways. It is also known that certain cell types complete their differentiation upon
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least a part of a target gene and which is derived from an endogenous template, as well as a
transgenic mamm% contz?ining such a cell. 30 When used herein, "treatment/therapy" includes any
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The present invention will now be described further in the following examples.

Reference is made to the accompanying drawings:

Figure 1: MmGFP dsRNA specifically abrogates MmGFP expression in

15 MmGFP transgenic embryos
(a-c) Representative embryos out of 131 embryos obtained from eleven different
matings between F1 females and MmMGFP transgenic males. MmGFP transgenic
4-6 cell stage embryos (a), morula (b), blastocysts (c). A similar pattern of GFP
expression was obtained after injection of antisense MmGFP RNA. (d-f)

20 Representative embryos out of 147 MmGFP transgenic embryos that had been
injected with MmMGFP dsRNA at the one cell stage. 4-6 cell stage embryos (d),
morula (e), blastocyst (f). (g-1) Representative embryos out of 18 MmMGFP
transgenic embryos that had been injected with c-mos dsRNA at the one cell
stage. 6 cell stage embryos (g), morula (h), blastocyst (i). Scale bars represent 20

25 um. The shading indicates green fluorescence.

Figure 2: Interference with expression of injected synthetic MmMGFP mRNA.
(a), Wild type morulae injected with MmMGFP mRNA alone; (b), together with
ECadherin dsRNA; and (c), together with MmGFP dsRNA, at the one cell stage.

30 Scale bars represent 20um. The shading indicates green fluorescence.



21 consisting only of a specified feature/characteristic, as well as anything with that
feature/characteristic, but which also has one or more additional features/characteristics. 5 Preferred
features of each aspect of the invention are as for each of the other aspects mutatis mutandis. The
prior art documents mentioned herein are incorporated to the fullest extent permitted by law.
Examples 10 The present invention will now be described further in the followin iﬁ%&; | §
Reference is made to the accompanying drawings: Figure 1: MmGFP dsRNA sﬁ% %§ 6rogates
MmGFP expression in 15 MMGFP transgenic embryds (a-c) Representative embryos out of 131

embryos obtained from eleven different matings b Fl females and MmGFP transgenic males.
VMG tansgenb S col GAHE HhE BT AR BB b NS Pattorn of GFP
expression was obéaprestiafieanihetiobsthanselupenbimé ik Ribte@etn B Gepresentative embryos

out of 147 MmGFP, sgenic.embryos that had n_injected with MMGFP. dsRNA at the one cell
Ctnge. 4.6 oo stad B T RS e Sy IS F g e LBt £ B out of 1
MmGFP transgenie kb stéyy o ttin 4 rhGeF P elsR WAe el cwitbrednfmsfolaRIsys a thirmoetiddile stage. 6 cell
stage embryos (g) rula resen The shading indicates

green fluore cencg_‘%?gﬁ}‘é%?ﬁ?%gﬁ’ r(éﬁ%ég\ﬁ%f@%%agﬁogﬁ%}'Pr%é%t%%é@%?ﬁgtfg BPP mRNA. (a),
Wild type r_norulae imjesteeichirtith dherCEHR tage MAtFabnadiib)inagBkAy, withcnﬂmmﬂhﬁexﬂrﬁadlsla&w;_and (c),
incicates green MLbtALInoge B B0 s S B HEC o T RSP SRR ok the sygore
reduces E-cadheripOum. (c), Western blot analysis of E-cadherin expression in zygotes, uninjected
morulae (collected at the one-cell stage and cultured in vitro for three days),
10 morulae injected at the one-cell stage with 2 mg ml™* of GFP dsRNA and
cultured in vitro for three days, morulae injected at the one-cell stage with 2 mg
ml* of E-cadherin dsRNA and cultured in vitro for three days. In each case,
proteins were extracted from 15 embryos. This experiment has been repeated
three times with the same result. The reduction of signal following E-cadherin
15 dsRNA injection was approximately 6.5 fold. Scale bars represent 20um. The

shading indicates chemiluminescence.

Figure 4: Injection of c-mos dsRNA in immature oocyte inhibits c-mos
expression and causes parthenogenetic activation.

20 (a-d) Examples of parthenogenetically activated eggs obtained after injection of
c-mos dsRNA in germinal vesicle stage oocytes. (a), Control oocyte arrested in
metaphase 1l; (b), one-cell embryo (white arrow points out the pronucleus); (c),
two-cell embryo; (d), four cell embryo. Scale bars represent 20um. (e), Western
blot analysis of c-mos expression in oocytes arrested in metaphase 11, oocytes

25 injected at the germinal vesicle stage with 2 mg ml~of MmGFP dsRNA and
cultured in vitro during 12 hours, oocytes injected at the germinal vesicle stage
with 2 mg ml™of c-mos dsRNA and cultured in vitro during 12 hours. In each
case, proteins were extracted from 35 oocytes. This experiment has been
repeated two times with the same result.

30
Figure 5: Inhibition of gene expression following injection of double stranded

RNA is restricted to the clonal lineage derived from the injected cell.



expression and perturbs the development of the injected embryos. (a), Immunofluorescent staining of
E-cadherin in embryos injected at the one- cell stage with MmGFP dsRNA, and cultured for four days
in vitro until the 5 blastocyst stage. (b), Immunofluorescent staining of E-cadherin in embryos injected
at the one-cell stage with E-cadherin dsRNA, and cultured for four days in vitro. Note the altered
development of these embryos. Scale bars represent 20m. (c), Western blot ariuc%lﬁis c(?Ifq%adherin
expression in zygotes, uninjected morulae (collected at the one-cell stage and tro for
three days), 10 morulae |njected at the one-cell stage Mith 2 mg ml 1 of GFP dsRNA and cultured in

vitro for three days morul ted a the one-cell e with ml 1 of E-cadherin gl RNA and
cultored in vt fon B CLE A et E0000 T ML B S R B G
experiment has begvoregiestteg mmemw&mtumhmammuua heReAuctimmEGsigndiHellowing
E-cadherin 15 ds injection was te Scale bar .The shading
indicates chemlluﬁ?r@&ﬁe %”‘?l? 8&%9%1?? ﬁ%gﬁgﬁf\?ﬁn% f%ﬁ?%ﬁﬁgn %%% "Mhibits c-mos
expression and cabttsﬁe;manﬂhersmjmmgtls mahkadlqne&(ﬂ:éd i) tRx@rog ey of (e tingeuterecetically activated
eggs obtaln%(]j afteri Sl%ectlon of c- Cnos fb(t errrr]unal ve5|cl sta e 00 t ase% Control oocyte
arrested in meta Prag)engn e& ‘W%rquﬁp |t<5 Sﬁ%\/\??}%m 4B ﬁ?é‘%f @3 Tgf two-cell
embryo; (d), four c&lceﬁﬂ)@xpre@&a@al‘hm@l?@present 20m. (e), Western blot analysis of c-mos
expression in oocytes arrested in metaphase Il, oocytes 25 injected at the germinal vesicle stage with
2 mg ml ‘'of MMGFP dsRNA and cultured in vitro during 12 hours, oocytes injected at the germinal
vesicle stage withMettpdd 'of c-mos dsRNA and cultured in vitro during 12 hours. In each case,

proteins were extraq:n d rom_3 e lﬂﬁytes This ex%] #o Ht has been repeated two times with the same

result. 30 Figure 5 NBION O gene eexopfr%%C 58 wing |nject|on of double stranded RNA is

restricted td@he cldmahéineageaytried:tedatipEdphasteldoetieiosis were collected from ovaries
of 4-6-week-old F1 (CBAXC57BI) mice in FHM medium (Speciality media, Inc.
Lavalette, N.J.) supplemented with Bovine Serum Albumin (BSA) (4 mg ml™).
F1 female mice were superovulated by intraperitoneal injections of pregnant
mare's serum gonadotrophin (PMSG, 5 i.u) and human chorionic gonadotrophin
15 (hCG) 48-52 hours apart. Fertilised 1 cell embryos were obtained from mated
females 20-24 hours after hCG.

RNA synthesis and microinjections
The templates used for RNA synthesis were linearised plasmids. Full length

20 MmGFP cDNA (714bp) was cloned into T7TS plasmid (Zernicka-Goetz,. et al.
Development 124, 1133-1137 (1997)). A Kpnl/Hindlll fragment of c-mos
cDNA (550bp) (Colledge et al, Nature 370, 665-68 (1994)) was cloned into
Bluescript pSK. A cDNA corresponding to exon4-exon8 of E-cadherin (580bp)
(Larue et al, Proc Nat Acad Sci USA 92, 855-859 (1995)) was cloned into

25 Bluescript pKS. RNAs were synthesised using the T3 or T7 polymerases, using
the Megascripts kit (Ambion). DNA templates were removed with DNAse
treatment. The RNA products were extracted with phenol/chloroform, and

ethanol precipitated.

30 To anneal, equimolar quantities of sense and antisense RNA were mixed in the
annealing buffer (10mM Tris pH7.4, EDTA 0.1 mM) to a final concentration of
2 uM each, heated for 10 min at 68°C, and incubated at 37°C for 3-4 hrs. To



18 May 2004 23 Immunofluoresecent staining of E-cadherin in embryos injected in one cell at the two
cell stage with E-cadherin dsRNA and synthetic mRNA for MmGFP. The left hand panels show single
channel (red) fluorescence to reveal E-Cadherin. Note that the staining is markedly reduced in the
progeny of the injected cell. 5 These progeny cells are identified in the corresponding second (green)
channels as cells expressing MmGFP. Methods Collection and culture of oocﬁgynd%@gryos 10
Immature oocytes arrested at prophase | of meiosis were collected from ovarie - k-old FI
(CBAXC57B1) mice in FHM medium (Speciality medig¢4nc. Lavalette, N.J.) supplemented with Bovine

Serum Albumin (BSA) (4, mg ml-1). El female mice were superpv, d.by intraperjtoneal injections of
pregnant mare's s%‘ﬁf'ﬁBSﬁé‘ifS{}%epﬂfﬁ?Btﬁ{%'&? 519.35 %%%Hﬁ%q rdﬂ?@%gﬁgﬁéﬁophin 15 (hCG)
48-52 hours apart.skeiiiisethe prefapaibrsonenene abdaneczignmmitri stermalesAbicthdayrs after
hCG. RNA synthesis and microinjections The templates used for RNA synthesis were linearised

plasmids. Full lengtRd 20 MERBHAASIITEN WA AR ifto The S BNARINE2dRsRKka-Goetz,. et

al. Development Ledwdd 3l 147 (4ARI Dot ,mwmmmm@mm-mnp&%@m) (Colledge
et al, Nature 370, 665-68 (1994)) was cloned into Bluescript pSK. A cDNA corresponding to

exon4-exon8 of E-edhanelipr¢cipupisy. (IFafeaten 0 eRN s JHNLI AV MigHbiEson(2995)) was
cloned into 25 B'“%@{‘)&Fﬁ%ﬁgﬁf&'\éﬁcﬂW%N@H%%%F%WWQ&F%@H Ldnmeheng6aRes, using the

Megascripts kit (Ambion). DNA templates were removed with DNAse treatment. The RNA products

were extracted witBSPNMNDI/ERIGieTA#AISAR T afiiizaaigradigrdptestanteddriNAs) esyalersequantities of
sense and antisenge i NAWSES ATiXRd in the annealing buffer IOmM Tris pH7.4, EDTA 0.1 mM) to a
final concentration of

10 RNAs were diluted in water, to a final concentration of 2 to 4 mg ml™. The
range of effective concentrations is best illustrated by the c-mos experiment
(Table 2) due to the sensitivity of this biological phenotype. The mRNAs were
microinjected into the cytoplasm of the oocytes or embryos, using a constant
flow system (Transjector, Eppendorf) as described (Zernicka-Goetz in Cell

15 lineage and fate determination (ed. Moody, S. A.) 521-527 (Academic Press,
San Diego, CA, 1999)). Each oocyte or embryo was injected with approximately
10pl of dsRNA. Improved penetrance was achieved by using negative
capacitance. After microinjection, oocytes and embryos were cultured in KSOM
(Speciality media, Inc. Lavalette, N.J.) medium supplemented with 4 mg mI™ of

20 BSA, at 37°C in a 5% CO, atmosphere. MmGFP transgenic embryos were
observed by confocal microscopy (Biorad 1024 scanning head on a Nikon

Eclipse 800 microscope).

Immunoblot and immunostaining analysis

25 For immunoblot analysis, samples were subjected to SDS-polyacrylamide gel
electrophoresis and proteins were transferred to a hybond nitrocellulose
membrane (Amersham). Membranes were preincubated in TBST buffer (20mM
Tris-HCI, pH8.2, 150mM NacCl, 0.1% Tween-20) containing 5% (w/v) non-fat
dried milk overnight, to block non-specific binding of antibodies. They were

30 then incubated with the anti-E cadherin antibody (DECMA-1) or the anti-mos
antibody (SantaCruz Biotechnology), during 1 hour, washed in TBST, and



2 pM each, heated for 10 min at 68C, and incubated at 37C for 3-4 hrs. To 18 May 2004 24 avoid the
presence of contaminating single stranded RNA in the dsSRNA samples, the preparations were treated
with 2g/ml of RNase Tl (Calbiochem) and 1 g/ml RNase A (Sigma) for 30 min at 37C. The dsRNAs
were then treated with 140 g/ml proteinase K (Sigma), phenol/chloroform extracted and 5 ethanol
precipitated. Formation of dsRNA was confirmed by migration on an agarose eé: for e%§ SRNA, the
gel mobility was shifted compared to the ssRNAs. For comparison of antisens otible-stranded
RNAs, equal masses of RNA were infected. 10 RNAZWere diluted in water, to a final concentration of

2 to 4 mg ml-1. The range,of effective cancentrations is best illustrate e c-mos experiment
(Table 2) due o thE ST oF IR T M AR L e TR fmocted o the
cytoplasm of the oBiyteshnolegyriers, hisingaaccaashadtadtomwisysBST. (Tiensjeiticdics peeadorf) as
described (Zernicka-Goetz i [ 15 linea nd fate determination (ed. Moody, S. A.) 521-527
(Academic Press, @éﬁﬁ%ﬁ"%ﬂ%@%?%@g g&’é\aéi/?g %ﬁ%?@éﬂﬂgs [ géfeé:é;(]vgﬁlf:yapproximately
10pl of dsRNA. Impnavedypeastiencediaseabheedd ymibing mescatoes Arapabidar)ca-ohfdrole
microinjectiqn, oocytes ?Pd embﬁ/os were cul@ieéj_ i%SIOIQ é%ﬁ%:ialité moesdia rtla |>'<L valette, N.J.)
medium suppleme %Lﬂqwff'ﬁnwpr?g W o6 ¥ : at 98 RN X erk {Pﬁos‘gﬁer i lela
transgenic embryog%wpaeafobaeliety iy foo2fbodhratcoosctpyi@aivael idlBWedayning head on a Nikon
Eclipse 800 microsc?F]
e

e)., lmmunobl imrmrnQstaini alysis 25 For immunpblot lysis,
samples were subPeec %gpo"gf)tg)-rb%\f%@r@ﬁémigéoagf'@@cﬁ(?&%ﬁoﬁ%is%%% Brr%'tr(]-:-ClHléavf\)'/%?é ?%Eﬁsferred toa
hybond nitrocelluld38AnmeRB0e 3R marstrabnyobesrblianasated neipreearniatedathd®S T buffer (20mM

Tris-HCI, pH8.2, 150mM NacCl %.1%% -20) containing 5% (w/v). non-fat dried milk overnight, to
block non-specific %I?Hﬁﬂ%{f?% 184G ﬁ?e éf\‘gﬂ aTe s-F{eé cor?;ugatedagoa{ an |-ra%<
10 antibody (Jackson ImmunoResearch Laboratories, West Grove, Pa., USA), for 1
hour at 37°C. Embryos were observed using the Biorad 1024 laser scanning

confocal microscope.

Example 1 - dsSRNA prevents gfp transgene expression

15 To determine whether dsSRNA might be used to prevent gene expression in the
mouse embryo, we developed an experimental test system using a transgenic
strain of mice that expresses MmGFP under the control of the Elongation Factor
1 o (E1Fa) promoter (Zernicka-Goetz, M. in Cell lineage and fate determination
(ed. Moody, S. A.) 521-527 (Academic Press, San Diego, CA, 1999)). This line

20 offered the advantage that GFP expression can be easily visualised in living
embryos and, because its function is non-essential, we could monitor any non-
specific deleterious effects of dSRNA on embryonic development. In order to
avoid the complication of perdurance of maternal gene products, we used
heterozygous embryos in which the transgene was paternally derived. The onset

25 of GFP expression in these embryos is seen by the appearance of green cells

following the initiation of zygotic transcription at the two cell stage.

We were able to demonstrate that the injection of MMGFP dsRNA into the
single cell zygote prevented the onset of the appearance of green fluorescence at

30 the 2-4 cell stages (Fig. 1). After injection, embryos were cultured in vitro for
3-4 days to the blastocyst stage. While uninjected embryos expressed MmGFP
in the expected manner (Fig. 1a-c), all embyros the injected with Mn dsRNA



30 then incubated with the anti-E cadherin antibody (DECMA-1) or the anti-mos antibody (SantaCruz
Biotechnology), during 1 hour, washed in TBST, and 18 May 2004 25 incubated with the peroxidase
conjugated secondary antibody (SantaCruz Biotechnology) for 1 hour, and washed again in TBST.
The antibodies were diluted in TBST containing 5% (w/v) non fat dried milk. The secondary antibody
was detected by enhanced chemiluminescence (Amersham). For whole 5 mou%iﬁmuogo% orescence
with E-cadherin antibody, embryos were fixed in 2% paraformaldehyde for 20 0

temperature, followed by permeabilization with 0.1% #fiton X-100 for 10 min. After preincubation in

2% BSAI PBSf 30 b d with th dhe body for 1 h
37, and with a TOURRER CATYNEAIA SSRLAR Le 10 APABOY t AL T O bR earch

Laboratories, Wes(FEEga\cef)PmthJeSuh)ncBoIpﬂodamuoratas%) Elmmyigsrw&nmb@mrvﬂdcm&omﬂee Biorad
1024 laser scanni conhcal mlcros o% acI.:Ixample 1- gsRl}lA {Jeve ts tra sgene expression 15
To determine Whe M%%SWF & 92-3 P\?S ma&% Q8 8}4e ouse embryo, we
developed an expeltmensahtas] Systdmiogictipa tfadeReAids ataioxdd. mice that expresses MMGFP
under the cantrol of the Elongation Factor 1 a. (EIFu,) promoter (Zernicka-Goetz, M. in Cell lineage
and fate detérmination (ed. Moody, S. A.) 521-527 (Academic Press, San Diego, CA, 1999)). This line
20 offered the advih@@ﬁeﬁfaé@ﬁ%ﬁhmﬁxpressidneiemﬁtjﬁdﬂmwhsw wHenivge Brjebtgebarand,
because its function is S Ssﬁﬁ'% a we coyld monitor anxt nan: sgerﬁ,lflc deleteriou effects of dSRNA

Les 10 4 SE t s transeript in
on embryonic deve%pment Vord e com%ﬁnc ation oner Urance of maternal gene

products, we usedetElF@ztyg]mg‘emm)myosl thhﬂcdidmtettrastﬂgmdﬁammtm@aéMderlved The onset

25 of GFP expression in these ?fix is.se nby e of reen ¢ lls oIIowmg the
initiation of zygotic %If anscnp?el(tafl’ Otsw§'(r:%' s)ég'gj er\?vefga a%g}i SUERONS ra&e that the injection of

MmGFP dsRNA ingegtinent of E-cadherin transcript into transgenic zygotes (59 embryos observed)
did not result in a decrease in green fluorescence, and did not shut down protein
synthesis via dsRNA kinase, although the genotype of such embryos was
abnormal (data not shown, see below). We also found that transgenic zygotes
injected with antisense MNnRNA retain the green fluorescence at all pre-

15 implanatation stages (37 embryos observed — data not shown).

We also attempted to determine whether expression of MmGFP from capped full
length MMGFP mRNA could be eliminated by the co-injection of MMGFP
dsRNA. We found that green fluorescence was greatly diminished or abolished

20 in such injected embryos (Fig. 2d). This was in contrast to embryos injected
with sense MMGFP RNA or co-injected with both sense MMGFP mRNA and
the “irrelevant” dsRNA for E-cadherin (Fig. 2a-b). Thus dsRNA can interfere
both with the expression of a chromosomally located gene, and of synthetic

MRNA introduced by microinjection.

25
Example 2 - Phenocopying an E-cadherin knockout
We assessed the specific developmental consequences of injecting E-cadherin
dsRNA. E-cadherin is both maternally and zygotically expressed during pre-
implantation development. Disruption of the E-cadherin gene, using

30 homologous recombination to remove regions of the molecule essential for

adhesive function, leads to a severe preimplantation defect. These embryos can

initially undergo compaction, due to the presence of maternally expressed E-



single cell zygote prevented the onset of the appearance of green fluorescence at 30 the 2-4 cell
stages (Fig. 1). After injection, embryos were cultured in vitro for 3-4 days to the blastocyst stage.
While uninjected embryos expressed MMGFP in the expected manner (Fig. la-c), all embryos the
injected with Mn dsRNA 18 May 2004 26 showed a dramatically decreased green fluorescence
throughout this period (Fig.ld-f), with a minor proportion (6.8%) showing residuilr%%ﬂee ﬁé{%{ escence.
The embryos showed normal pre- and postimplantation development, demons e injection
of dsRNA is not toxic. 5 The interference with gene ex%?ession IS specific because, when we injected
an unrelated dsRNA orre ondln i P he c- mo .trans %tlp MmGFP transgenic
embryos, this did r%‘fj ggn PRRELr % é}ﬁ HidPecdi QQIQ IB ?ﬁﬂbﬂ?/"m]ection of dsRNA
corresponding to ablf3teegsta(hianid- staderoe Natis@caul BulicUtransert rae63r8067((994mbryos

observed) did not e It in a decrease in green fl a r#% down protein synthesis
via dsRNA kinase, %ﬁp?ﬁe%% ﬁgfl &%H%ﬁ@?é&%gﬁgﬁ §nﬂ?§gjis[a not shown, see
below). We also found that transgenic zygotes injected with antisense MNnRNA retain the green
fluorescence at all tation stage yos bser ﬁ\‘ F2L>,We also
attempted t§ deterﬂ%gj%?{g%atﬁgt? i8 i‘\{/irho('gig er[i) g ia‘lh EPFRRNA could
be eliminated by thdeotigalectibat of Mﬂh@iat:andsmbi&os/v‘éhim,litiu:iatémbg;wrmi‘iladnlgedeeeiopedas greatly
diminished or abolished é(f): uci(l)riTn gg{r%g] gtmbr ingn% Janis was in 0(3:2 st to embryos
injected with sense AR Rlﬁi CO- |nJec Wit n(s NE ARG the “irrelevant”
dsRNA for E-cadherily @E]gnzwww‘éimamismmm;mmfmmmbﬂmmahedesqymsmm dida

chromosomaly loca(e, gene: AL SBREE M PRt oet ReF RIS AL 62%s.
10 8267 (1994)) (Table 1). In contrast, the great majority of uninjected embryos or
control embryos injected with MmGFP dsRNA cavitated and formed normal
blastocysts (Table 1).



Example 2 - Phenocopying an E-cadherin knockout We assessed the specific developmental
consequences of injecting E-cadherin dsRNA. E-cadherin is both maternally and zygotically
expressed during pre- implantation development. Disruption of the E-cadherin gene, using 30
homologous recombination to remove regions of the molecule essential for adhesive function, leads to
a severe preimplantation defect. These embryos can initially undergo compactﬁwﬁueégéhe
presence of maternally expressed E 18 May 2004 27 cadherin. However, they wod %t in
cavitation and never form normal blastocysts (Larne, €% al. Proc Natl Acad Sci USA 91, 8263-8267
(1994); Riethmac%er et e:JDProc Natl Acad Sci USA 92, 855-859 &9@5§@We ab ed that
following injection f"@-ec%r h%?ﬂ??&&&l\,%erﬁ]fé%@eﬂyﬂymcb%% art T rﬂﬁ%ﬁétémoembryos.
Thus, the embryoszinjtitdly developed normally to the compaction stage of the morula (data not
shown). However—anly-abeut-30%-were-able-tg-cavitate;-and-formed tﬁ'e se-called "c"fsts" but-did-not
form normal blas o_csys S (Larne, é\{oa? Proc Natl Agé’d SciUS Awgiwg% 10 8267peiegg_lﬁe(Table 1). In
contrast, the gredtMEsfetity of uniijeEtBd e mbryos or control eMPAMSs injected witkiSNFRGTEB dSRNA
cavitated and formed normal blastocysts (Table 1J°P¥May 200428 mable 1. Phéetypes obtained
following injection of E-cadherin dsRNA into zygotes dsRNANo. ofNo.Known nulljRhgpotype
injectedexperimentsofmutantresulting from embryosphenotypeE cadherin dsRN Airll?é (I:Ot;]on
None6240>90% tormed91 6%1863%

None 240 >90% formed 91.6%+18.3%
blastocysts formed
(Ohsugi, et al. blastocysts
Dev Biol 185,
261-271 (1997))
gfp (2 mg 5 89 N.A* 74.1%%+17%
formed

-1
ml™) blastocysts

Ecadherin 5 130 47.5% formed 26.9%+25.6%
1 cysts. formed cysts;
(2 mg mi™) Ryemaining failed Remainizg
to develop to this failed to
stage (Larue’ et develop to this
al Proc Natl stage
Acad SciUS A

91, 8263-8267
(1994); Ohsugi,
et al. Dev Biol
185, 261-271
(1997))

*NL.A.: Not applicable. Meanz s.d. * Significantly different from results with
5 GFP dsRNA using the y2 test (p<0.05).

The analysis of E-cadherin expression by immunostaining and immunoblotting
shows that the expression of E-cadherin is dramatically decreased after E-
cadherin dsRNA injection (Fig. 3b, ¢). In contrast, no decrease in E-cadherin
10 expression was observed in the embryos injected with MmGFP dsRNA, for
which the level of E-cadherin expression was similar to that of the control
uninjected embryos (Fig. 3c). The level of E-cadherin at the morula stage in
embryos injected with E-cadherin dsRNA is lower than in newly fertilised
embryos before injection (Fig. 3c). This residual E-cadherin protein may largely

15 reflect persistence of maternally expressed protein whose synthesis ceases during



blastocystsformed (Ohsugi, et al.blastocysts Dev Biel 185, 261-271 (1997)) gfp (2
Mg589N.A.*74.1%%17% ml -1)formed blastocysts Ecadherin513047.5% formed26.9%25.6% (2 mg
ml-1)cysts.formed cysts; Remaining failedRemaining to develop to thisfailed to stage (Larne, etdevelop
to this al Proc Natlstage AcadSci USA 91, 8263-8267 (1994); Ohsugi, et al. Dev Biel 185, 261-271
(1997)) *N.A.: Not applicable. Mean s.d. a Significantly different from results wi%ﬂ@lGFrE ﬁ%BNA using
the x2 test (p<0.05). The analysis of E-cadherin expression by immunostaining W blotting
shows that the expression of E-cadherin is dramaticaIR/gdecreased after E- cadherin dsRNA injection
(Fig. 3b, c). In conttast, no decre in E-cadherin 10 expressi (Qﬁ) ed n the ematiryos
injestoct whi MmGEB 2CHNIR T AP SR e e B o B bRl of the
control uninjectedreatdnad®i(dtein Icprddeatiant tfeHatatlzetotyat Siegmioriarsiagmis redbryos injected
with E-cadherin dsRNA is lgwer than jn.new| tilised . r fare. injecti ig. 3c). This
residual E-cadheriﬁrE 9(8%&1‘?59/el’a%%lly &%ﬁﬁ%@%&ﬁ %ﬁejnr;%g §?§2§§W Z;ggéiied protein whose

synthesis ceases during

5 We conclude that injection of E-cadherin dsSRNA leads to a striking reduction of
E-cadherin protein and consequently a similar phenotype to that of the null

mutant embryos.

Example 3 - dsRNA interference in the oocyte

10 In order to determine whether dsSRNA might be used to interfere with maternally
expressed genes, we sought a model gene having a characteristic knockout
phenotype. C-mos is an essential component of cytostatic factor, responsible for
arresting the maturing oocyte at metaphase in the second meiotic division. In c-
mos -/- mice, between 60 and 75% of oocytes do not maintain this metaphase 11

15 arrest and initiate parthenogenetic development (Colledge, et al, Nature 370, 65-
68 (1994); Hashimoto, et al. Nature 370, 68-71 (1994)). C-mos mRNA is
present in fully grown immature oocytes, and its translation is initiated from
maternal templates when meiosis resumes following germinal vesicle breakdown
(Verlhac, et al.Development 122, 815-822 (1996)). Thus, injection of c-mos

20 dsRNA would allow us to test whether dsSRNA could interfere with maternal

MRNA expression.

When we injected c-mos dsRNA into oocytes, about 63% did not maintain arrest
in metaphase Il (Table 2). Of these, 78% initiated parthenogenetic development
25 and progressed to 2 to 4 cell stage embryos (Fig. 4a, b, ¢). The remainder
underwent fragmentation. Both of these events occur at similar frequencies in
null mutant oocytes (Colledge, et al, Nature 370, 65-68 (1994)). In contrast, only
1-2% of control oocytes, either uninjected or injected with MMGFP dsRNA,
underwent spontaneous activation (Table 2). We were still able to observe that
30 42% of injected oocytes failed to undergo metaphase Il arrest, when we reduced
the concentration of injected c-mos dsSRNA by 20 fold to 0.1 mg/ml (Table 2).

This is a significantly higher concentration than that believed to be effective in



18 May 2004 29 the 2 cell stage (Sefton, et al, Development 115, 313-318 (1992)). This residual
maternal protein is present until the late blastocyst stage in homozygous null embryos (Larne, et al
Proc Natl Acad Sci USA 91, 8263-8267 (1994)). 5 We conclude that injection of E-cadherin dsRNA
leads to a striking reduction of E-cadherin protein and consequently a similar phenotype to that of the
null mutant embryos. Example 3 - dsRNA interference in the oocyte 10 In ordeiéomietcié 'ghe whether
dsRNA might be used to interfere with maternally expressed genes, we sough 84 @i e having a
characteristic knockout phenotype. C-mos is an essedtal component of cytostatic factor, responsible
for arresting the maturing oocyte at metaphase in the second meiotic division. In c- mgs -/- mice,
petwesn 60 and 7o B ARLE oV TR AN (L LB L8 TF eah P 2
parthenogenetic déswloirenlefCdlizedeAgeakdNature 370, 65- 68 (1994); Hashimoto, et al. Nature
370, 68-71 (1994)). C-mos mRNA is present in fully grown immature oocytes, and its translation is
initiated from malqaah TRRIRIER HiCOBIPRASRSHMES TAARY e iBa desge frakdown
(Verlhac, et S).LDeV ?Hﬁ?%’?%gi%le gg%%%é 96)). Thus, Injection of c-mos 20 dsRNA would allow us
to test whether dsRNA could interfere”with maternal mRNA expression. When we injected c-mos
dsRNA into oocytes, about 63% did not maintain arrest in metaphase Il (Table 2). Of these, 78%
initiated parthenogeskiie developméntR5 and pkogressed to Rriomvh oelll stage [ethbmgtgse(Fig. 4a, b, ).
The remainder unt&aent fragmeS@EBRE Both #fHise evef¥BeEur at similarfFegoeHems in null
mutant oocytes (Colledge, et al, N&fdire 370, 65-68 (1994)). |REBAMRSt, only 1ITROFESHES oocytes,
either uninjected pg jected withrMMGFP dsRNfg underwen{spontaneous actiygiigy, (Tabte 2) We
were still able to pbserve that 30 42% of injected oocytes fajled to undergo metpgaseudl arrest, when

we reduced the concentration of jnjected c-mos dsRNA by 20 fold to 0.1 mg/pak(ivaiole 2).
3.8%+5.8%
fragmentation

[®)

Ds gfp 4 73 N.A.* 1.442.1%
(2 mg ml™) spontaneous
activation;
2.7£2%
fragmentation
Ds mos 4 108 60-75% 49.1+27%" released
(2 mg ml™) released from from the
the metaphase metaphase 11 block;
Il arrest. 13.9+£13%
High degree of fragmentation
cytoplasmic
fragmentation
(Colledge, et

al. Nature 370,
65-68 (1994);
Hashimoto, et
al. Nature 370,
68-71 (1994))

Ds mos 2 33 as above 36.4+7.6%" released
(0.1 mg ml™) from the
metaphase 11 block;
6.1+1.9%

fragmentation

*N.A.: Not applicable. We observed that uninjected oocytes rarely underwent

10 spontaneous activation and at a similar frequency to those injected with GFP
dsRNA. meanz s.d. ** Significantly different from results with GFP dsRNA
using the 2 test (p<0.05).

We confirmed that c-mos dsRNA interferes with c-mos expression by

15 immunoblot analysis carried out 12 hours after the injection of germinal vesicle



This is a significantly higher concentration than that believed to be effective in 18 May 2004 30 C.
elegans and plants, where it is claimed that an effect can be achieved with a few molecules of dsSRNA
per cell. Table 2. Phenotypes observed following injections of c-mos dsRNA in the 5 germinal vesicle
stage oocyte DsRNANo. ofNo. ofKnown nullPhenotype injectedexperimeoocytesmutantresulting from
ntsphenotypedsRNA injections Nonel158N.A.*1.3%2% spontaneous activation; 3 %%E}%
fragmentation Dsgfp473N.A.*1.42.1% (2 mg ml-")spontaneous activation; 2.72‘%%@5\% %on
Dsnzos410860-75%49.127%a released (2 mg mI-')reI%%tsed fromfrom the the metaphasemetaphase Il

block; Il arrest.13.913% High dg ee ﬂ%‘fraﬁme tation cgt%plasmi f{agomen ation éCoIIedge, et al.
Nature 370 65-68 g@g?_c tes betore the pHenotype consequences of Its foss of expression

become apparent (Fig. 4e). Thus, injection of c-mos dsRNA into the oocyte
specifically interferes with c-mos activity to mimic the targeted deletion of c-mos
via homologous recombination. These experiments show that dsSRNA is able to

5 block the expression of maternally provided gene products.

Example 4 — the effects of RNAI are clonally inherited within the mouse
embryo
To assess whether it would be possible to eliminate the expression of specific

10 genes within defined lineages of cells within the early mouse embryo, dsRNA to
E-cadherin was microinjected into one cell of a two cell stage mouse embryo,
together with synthetic MRNA for MmGFP to mark the injected cell. The
expression levels of E-cadherin and MmGFP was followed as these embryos
developed. The expression of E-cadherin was reduced specifically in cells

15 derived from the one injected with ds E-cadherin RNA, the clone being marked
by the expression of MmGFP translated from the injected MRNA into the same
cell. Thus, in the early mouse embryo, the effect of dsSRNA is not transmitted to
neighbouring cells. Thus, dSRNAI can be used in the embryo to regulate patterns
of gene expression differentially between lineages having with different fates.

20
Discussion
We have demonstrated that dSRNA can be used as a specific inhibitor of gene
activity in the mouse oocyte and pre-implantation or early embryo. We show the
specificity of the procedure by individually inhibiting the expression of 3

25 different genes: c-mos in the oocyte, and E-cadherin or a gfp transgene in the
early embryo. In the cases of the two endogenous mouse genes, this results in
phenotypes comparable to those of null mutants. Our experiments to prevent
expression of the gfp transgene indicate that RNAI per se does not affect the
normal course of development.

30
Two of our experiments support the hypothesis that RNAI acts in the mouse by

either inducing degradation of the targeted RNA, or inhibiting its translation.



Hashimoto, et al. Nature 370, 68-71 (1994)) Ds nzos233as above36.47.6%b released (0.1 mg
ml-")from the metaphase Il block; 6.11.9% fragmentation *N.A.: Not applicable. We observed that
uninjected oocytes rarely underwent 10 spontaneous activation and at a similar frequency to those
injected with GFP dsRNA. mean s.d. a,b Significantly different from results with GFP dsRNA using the
X2 test (p<0.05). We confirmed that c-mos dsRNA interferes with c-mos expre j%&'ééé@@;mumbbt
analysis carried out 12 hours after the injection of germlnal vesicle 18 May 200 cytes
before the phenotype consequences of its loss of exp sion become apparent (Fig. 4e). Thus,

injection of c-mos ds I S with c-mos act|v1t to mimic the
targeted deletion of(E Hﬁ?ﬁ gégéi't?gp PJmeaé% %ﬁ%é@@@ ﬁé?{&sg 8\?/ %t dsRNA is
able to 5 block themmte&smelﬁﬂmaemaﬂ?l\movﬂéedrgw]e/\prmww dsrap by dinstrenedects of RNAI
are clonally inherited within th embr 9 Toa Sess ther it would be possible to eliminate
the expreseion of SO HNETANEE 6 07 BUNREL P aDiee oY LG LR HSase embryo,
dsRNA to E-cadhenRNyebasaominjekied hmnmemq}bbb@mmﬁtsmgemusamﬂlatw together with
synthetic mRNA for(b\/ln %FP to may k the in ect

G"hE Fr

o mark the, eII The ex reSS|ton level E- Ch I}G{Hn and
mGFP wak ollo A L LD DR e s s e e e
specifically in ceIIsséﬁoddmnedﬁnmhvthemn\a/mfeumﬂmltb dedsRMmeH\dA,nthmotanmbemg marked
oocytes proceed through metaphase 11 and undergo parthenogenetic activation.
In each case, the effects of RNAI persist for sufficient time to phenocopy the loss
of gene function. When dsRNA is introduced into early blastocysts, it remains
10 effective until early post-implantation stages. The clonal inheritence of the
RNAI effect indicates that it may be targeted towards a pattern of gene activity in
a specific lineage. Finally, as RNAI functions in peri-implantation development,
it may be expected to result in elimination of expression of target genes in
embryonic stem cells established from mouse embryos at this developmental
15 stage, and this may facilitate their directed differentiation into specific cell types.



by the expression of MMGFP translated from the injected mMRNA into the same cell. Thus, in the early
mouse embryo, the effect of dSRNA is not transmitted to neighbouring cells. Thus, dsRNAi can be
used in the embryo to regulate patterns of gene expression differentially between lineages having with
different fates. 20 Discussion We have demonstrated that dsSRNA can be used as a specific inhibitor
of gene activity in the mouse oocyte and pre-implantation or early embryo. We ? tl'%eH ecificity of
the procedure by individually inhibiting the expression of 3 25 different genes: ¢ %% § ocyte, and
E-cadherin or a gfp transgene in the early embryo. In3Re cases of the two endogenous mouse genes,
this results in phe %/Fges comparable to those of null mutants. Our experiments to prevent
expression of the g&?) ﬁsgene indicate that RNAI per se does not affect the normal course of
development. 30 Two of our experiments support the hypothesis that RNAI acts in the mouse by
either inducing deglradati of the tar %RNA or inhibiting its translation. 1% M lbﬁ%OA 32 First we
show that injectionof Mm SRR e SR e P L AT S AOENA kS mRNA.
Secondly, we injedtedpiisRisoagdiasagemtas rimddi camoyne $apdiibibiting gerexpadsyiesidedierglis down,
the stage W%en c-mos. mRNA has accumu{ated It)uft thas n?t ¥§ been transltated"Ct-m(@g'i\translated 5
when the ge minal%ggiglleakwgrarkrga&g\?vﬂ?% Srrceeé 2 gﬁt%%r i FhE raYr?h%lrsSeorlrI]%FtﬁS s@go meiotic
division. We founddirapdsings deRNAsprandedtstits funediamin gaooytés pdecseqdetivoudiicmistaphase
and undergo parthenogenetic activation. In each case,the effects of RNAI persist for. sufficient time to
henocony the loss BT et AT ST I ERs TS LA, rermains 20
effective until earlyfposamepdoyenimrs stageateThe clonal inheritence of the RNAI effect indicates that it
may be targeted towards a pattern of gene activity in

10 2. The use as claimed in claim 1, wherein the target gene is an endogenous
gene.
3. The use as claimed in claim 1, wherein the target gene is a viral gene.
15 4. The use as claimed in any preceding claim, wherein the dsRNA is not

derived from the gene encoding B-glucuronidase.

5. The use as claimed in any preceding claim, wherein the RNA comprises a

single self-complementary RNA strand.

20
6. The use as claimed in any one of claims 1 to 4, wherein the RNA
comprises two separate complementary RNA strands.
7. The use as claimed in any preceding claim, wherein the nucleotide
25 sequence is substantially identical to the whole of the target gene.
8. The use as claimed in any preceding claim, wherein the nucleotide
sequence has 90%, 95% or 100% identity with at least a part of the target gene.
30 9. The use as claimed in any preceding claim, wherein the target gene

causes or is likely to cause disease.



a specific lineage. Finally, as RNAI functions in peri-implantation development, it may be expected to
result in elimination of expression of target genes in embryonic stem cells established from mouse
embryos at this developmental 15 stage, and this may facilitate their directed differentiation into
specific cell types. 18 May 2004 33 Claims 1. The use of an RNA, or an expression vector encoding
such an RNA, in the production of an agent or medicament for inhibiting the exloé(ﬁsiogﬁé target 5
gene in a mammalian oocyte, cell of the early embryo or somatic cell, the RNA~Comptisi double
stranded structure having a nucleotide sequence whicfffis substantially identical to at least a part of

h hich js derived, f d late. 10 2. Th laimed in clai
[ whrein e trgh gond 1€ Kb enalsRRLL GO SOTHE el R AT AT L i the

target gene is a viralag®ogtel 5 4. The use as claimed in any preceding claim, wherein the dsRNA is not
derived from the gene encoding O-glucuronidase. 5. The use as claimed in any preceding claim,
wherein the RNA comprises a single self-complementary RNA strand. 20 6. The use as claimed in
any one of claims 110 4, MremsathadRhed ioamp peesding skparatbarein pheroghtrih&@dA\strands. 7.
The use as ¢laimed irp) any precedin clairrt1é thliein the nucleotide 25 sequence is substantially
identical to the wh&[EoY th! ?Qr%@ @gor?é(.: 8TheUse as claimed in any preceding claim, wherein the
nucleotide sequence has 90%, 95% or 100% identity with at least a part of the target gene. 30 9. The

use as dlaimed In 39 PreRR ARG & BolIALUAR BRGNS RaNE i thigause disease
sequence which is substantially identical to at least a part of a target gene in a
mammalian cell and which is derived from an endogenous template for use as a

10 medicament.

13. A pharmaceutical formulation comprising RNA which comprises a
double stranded structure having a nucleotide sequence which is substantially
identical to at least a part of a target gene in a mammalian oocyte, cell of the

15 early embryo or somatic cell and which is derived from an endogenous template,
or an expression vector encoding such an RNA, together with a pharmaceutically
acceptable carrier, wherein the RNA is not derived from the gene encoding j3-

glucuronidase.

20 14. A pharmaceutical formulation as claimed in claim 13, modified by the

features of any one of claims 2 to 11.

15.  AKkit for inhibiting expression of a target gene in a mammalian oocyte,
cell of the early embryo or somatic cell, the kit comprising:

25 RNA which comprises a double stranded structure having a nucleotide
sequence which is substantially identical to at least a part of a target gene in the
mammalian cell and which is derived from an endogenous template or an
expression vector encoding such an RNA; and

a vehicle that promotes introduction of the RNA or vector to the

30 mammalian cell,

wherein the RNA is not derived from the gene encoding B-glucuronidase.



34 10. The use as claimed in any preceding claim wherein the early embryo is a blastocyte. 11. The
use as claimed in any preceding claim, wherein the cell of the early 5 embryo is an embryonic stem
cell. 12. An RNA comprising a double stranded structure having a nucleotide sequence which is
substantially identical to at least a part of a target gene in a mammalian cell and which is derived from
an endogenous template for use as a 10 medicament. 13. A pharmaceutical fonig%atio# g)%mprising
RNA which comprises a double stranded structure having a nucleotide seque fic Q
substantially identical to at least a part of a target ger§-§in a mammalian oocyte, cell of the 15 early

embryo or somatic cell an Wl[EiCh is. derjved from an enﬁj noys template, .or an expgession vector
encoding such an RNA, t&ié r‘iﬂﬂ'{ﬂ]%tdldﬂ&lmga%tmg ﬁ%gc%ga&gfeaﬁﬁ?ﬁéf Wxé)l%ﬁrgfhe RNA is not
derived from the geléneeediilyg (3- glucuronidase. 20 14. A pharmaceutical formulation as claimed in
claim 13, modified by the features of any one of claims 2 to 11. 15. A kit for inhibiting expression of a
target gene in a mammalian oocyte, cell of the early embryo or somatic cell, the kit comprising: 25
RNA which comprises a douidmstatinadedl stanthimenbavisgpaessioteoticktristohenoastybath is
substantially_identical to gt leas art of a_target gene in the mammalian cell and which is derived
from an encbgenot I IAED o U TSHeEIER & ERHT sy TR0 AR e thac
promotes introductequehtbevRibiAiosueEsttatiablyHde @icahdoranizhanaqeltt ofetaigettyei®MAdiS not derived
from the gene encoding 0-GURNPRIASS: ARMIRRRUEAIAS Ahife A ARSI R, modified by
the features of any oné o

an oocyte, a cell of the early embryo or a somatic cell.

10 18. A transgenic non-human mammal containing a cell as claimed in claim
17.

19.  Aninvitro method for inhibiting the expression of a target gene in a
mammalian cell, the method comprising:

15 introducing into the cell an RNA comprising a double stranded structure
having a nucleotide sequence which is substantially identical to at least a part of
the target gene and which is derived from an endogenous template; and

verifying inhibition of expression of the target gene,
wherein the mammalian cell is an oocyte, a cell of the early embryo or a somatic
20 cell.

20. A method as claimed in claim 19, wherein the target gene is an

endogenous gene.
25 21. A method as claimed in claim 19, wherein the target gene is a viral gene.

22. A method as claimed in claim 19, 20 or 21, wherein the RNA is produced

outside the cell.

30 23. A method as claimed in claim 22, wherein the RNA is injected into the

cell.



claims 2 to 11. 17. A mammalian cell containing an expression construct, the construct 5 coding for an
RNA which forms a double stranded structure having a nucleotide sequence which is substantially
identical to at least a part of a target gene and which is derived from an endogenous template,
wherein the mammalian cell is an oocyte, a cell of the early embryo or a somatic cell. 1018.A
transgenic non-human mammal containing a cell as claimed in claim 17. 19.An_jp vitro (5 od for
inhibiting the expression of a target gene in a mammalian cell, the method comi)gli%‘@f ?@e troducing
into the cell an RNA comprising a double stranded strdture having a nucleotide sequence which is

substantially identical to at least a part of the. target gene and, which is.deriv (M}ggm an endogenous
template: and verifing InT I DPESLSELI SHE Lar g e NUHGIAT B S VA mAIGHLFEGel s an
oocyte, a cell of thevizhiytlesdetlyo or a somatic 20 cell. 20. A method as claimed in claim 19, wherein
the target gene is an endogenous gene. 25 21. A method as claimed in claim 19, wherein the target
gene is a viral gene. 22. A method as claimed in claim 19, 20 or 21, wherein the RNA is produced
outside the cell. 333. A Aatbihddssdkimmed in cllaivm 222 28 loe &invwher&iN thésRNjAdcikeprotlactde cell. 18
May 2004 36 24. A method a’bﬁ claimed in claim 19, 20 or 21, wherein the RNA is produced within the

cell. 25. A migthod ‘S TRMEL ¥ claim 22, 23 or 24, wherein the RNA is produced 5 recombinantly.
26. A method as claimed in claim 24 or claim 25, wherein the RNA is

26. A method as claimed in claim 24 or claim 25, wherein the RNA is

produced by an expression vector in the cell.

10 27. A method as claimed in any one of claims 19 to 26, wherein the dSRNA

is not derived from the gene encoding pB-glucuronidase.

28. A method as claimed in any one of claims 19 to 27, wherein the RNA
comprises a single self-complementary RNA strand.

15
29. A method as claimed in any one of claims 19 to 27, wherein the RNA

comprises two separate complementary RNA strands.

30. A method as claimed in any one of claims 19 to 29, wherein the
20 nucleotide sequence is substantially identical to the whole of the target gene.

31. A method as claimed in any one of claims 19 to 30, wherein the
nucleotide sequence has 90%, 95% or 100% identity with at least a part of the
target gene.

25
32. A method as claimed in any one of claims 19 to 31, wherein the target

gene causes or is likely to cause disease.

33. A method as claimed in any one of claims 19 to 32, wherein the early

30 embryo is a blastocyte.



produced by an expression vector in the cell. 10 27. A method as claimed in any one of claims 19 to
26, wherein the dsRNA is not derived from the gene encoding 0-glucuronidase. 28. A method as
claimed in any one of claims 19 to 27, wherein the RNA comprises a single self-complementary RNA
strand. 15 29. A method as claimed in any one of claims 19 to 27, wherein the RNA comprises two
separate complementary RNA strands. 30. A method as claimed in any one ofi%a' S 12 t§ 9,
wherein the 20 nucleotide sequence is substantially identical to the whole of th a@%\f 8 .31.A
method as claimed in any one of claims 19 to 30, whe?éin the nucleotide sequence has 90%, 95% or
100% identity with af leasf, a part of the target gene. 25 32 A method as claimed in any one of claims
1910 31, wherein (1 tardad G B3 AEY 10 RUY 6 W Il DL 08 2o T R B Ak iamed in any
one of claims 19 talidZanperabribésearbmB embsiamsellblastocyte. 18 May 2004 37 34. A method as
claimed in any one of claims 19 to 33, wherein the cell of the early embryo is an embryonic stem cell.
35. An in vitro method for inhibiting the expression of a target gene in a 5 mammalian cell, the method
comprising: introd@&ing indm tinevitedl @etRIdAacanhiivising taccexivissstranfie thejetgene imhaving a
nucleotide sgquence WhicoF IS s ?{tfntiatlﬁ édentical to at least a part of the target gene and which is
derived froni'an en'H%@Q?\a 130 & P %T,]?N &rSihtRE BIRNA is not derived from /3-glucuronidase
wherein the mammalian dettesi@ing tihoothedecH aeiRbiXlveearlyiegbdpalie stsootetistoeture

having a nucleotide sequence which is substantially identical to at least a part of
the target gene and which is derived from an endogenous template, wherein the
dsRNA is not derived from S-glucuronidase wherein the mammalian cell is an

10 oocyte, a cell of the early embryo or a somatic cell.





