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(57) ABSTRACT 
The present invention provides a polynucleotide comprising 
a RNApolymerase III promoter; a region encoding a siRNA, 
and a transcriptional termination element comprising ?ve 
consecutive thymine residues. The invention also provides 
for vectors, cells and non-human transgenic animal com 
prising the polynucleotides of the invention as Well as their 
use in medicaments for various conditions. 
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EXPRESSION SYSTEM 

RELATED APPLICATIONS 

[0001] This application claims priority to US. Provisional 
Application No. 60/377,482 dated May 2, 2002 and United 
Kingdom Patent Application No. 01309558 dated Dec. 24, 
2001, both of Which are herein incorporated by reference in 
their entirety. 

FIELD OF THE INVENTION 

[0002] This invention relates to a polynucleotide or vector 
for expressing short interfering RNAs (siRNAs) to inhibit 
the expression of a target gene. The invention also relates to 
cells and non-human transgenic animals comprising the 
polynucleotide or vector and their various uses including in 
target drug validation and in human therapeutics. 

BACKGROUND OF THE INVENTION 

[0003] The ability to inhibit or disrupt the function of a 
speci?c gene is highly desirable both from the point of vieW 
of studying gene function and also from a therapeutic 
perspective. 
[0004] Many diseases arise from either the expression of 
a mutated gene or from abnormal, and in particular elevated 
or inappropriate, expression of a particular gene. Such 
mutations may be inherited, such as in the case of autosomal 
dominant disorders, or occur in the somatic or germ line 
tissues of an individual, such as in the case of cancer. The 
ability to modulate the expression of a mutated allele or of 
an inappropriately expressed Wild type allele in various 
diseases or disorders may therefore be used to provide 
therapies to treat the disorders. In addition, in various 
infectious diseases, such as viral infection, the ability to 
inhibit the expression of viral genes in the host cell, or of a 
gene encoding a host cell protein involved in the life cycle 
of the virus, may also lead to possible treatments for 
infectious diseases. 

[0005] The ability to inhibit gene expression has also been 
used to study gene function. Techniques such as classical 
mutagenesis have provided great insights into gene function, 
but such techniques are labour intensive, expensive and may 
take long periods of time. Such techniques simply may not 
be practical in higher organisms and require a means to 
identify the desired mutant. They also do not offer the 
possibility of mutating a speci?c gene of choice. 

[0006] Although various methods for targeted gene dis 
ruption have been developed, Where a gene of choice can be 
inhibited or disrupted, these also suffer from limitations. 
Techniques such as gene targeting are highly costly, expen 
sive and time consuming often taking several years to obtain 
a homoZygous mutant. Gene targeting also requires detailed 
knowledge of the structure of the gene to be disrupted. 

[0007] As Well as gene targeting antisense technology has 
also been developed to try and disrupt a speci?c gene. 
HoWever, antisense RNA is unstable and it is often dif?cult 
to achieve high enough levels of antisense RNA in cells to 
achieve effective inhibition of a target gene. 

[0008] Recently, it has been found in organisms such as C. 
elegans, Drosophilia melanogaster and plants that double 
stranded RNA molecules (dsRNA) are capable of inhibiting 
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the expression of a target gene that they share sequence 
identity or homology to. The observed phenomena, some 
times referred to as post transcriptional gene silencing 
(PTGS), are thought to represent a possible cellular defence 
mechanism against viruses or transposons. Typically, in the 
studies carried out in these organisms the dsRNA has been 
introduced into cells by techniques such as microinjection or 
transfection and the inhibition of a target gene such as a 
reporter gene been measured. 

[0009] The mechanism by Which the dsRNA exerts its 
inhibitory effect on the target gene has begun to be eluci 
dated. It is thought that the dsRNA is processed into 
duplexes of from 21 to 25 nucleotides in length. These short 
duplexes have been detected in plants Where PTGS is 
occurring as Well as in extracts of D. melanogaster 
schenider-2 (S2) cells transfected With a dsRNA molecule. It 
has been found that the processing reaction of a dsRNA can 
be carried out in vitro using extracts from these S2 cells. 
This provides an in vitro model system in Which both the 
processing, targeting and transcript cleavage mechanisms 
involved in gene silencing can be studied. In the S2 lysate 
it Was observed that the target mRNA Was cleaved at 21 
nucleotide intervals and that synthetic 21 and 22 RNA 
duplexes added to the lysate Were able to guide ef?cient 
sequence speci?c mRNA degradation. Larger duplexes of 30 
bp dsRNA Were found to be active. The 21 nucleotide RNA 
products in the system Were therefore named small interfer 
ing or silencing RNAs (siRNAs). 

[0010] Factors from the target cell are also necessary for 
gene silencing. In D. melanogaster a ribonuclease III 
enZyme, dicer, is required for processing of the long dsR 
NAs into siRNA duplexes. It is thought that genes homolo 
gous to dicer exist in other organisms including mammals 
and humans as Well as homologs or counterparts to the other 
host factors necessary. The initial steps in silencing involve 
the generation of a siRNA containing endonuclease com 
plex. The endonuclease may be dicer or a gene homologous 
to dicer. The complex then speci?cally targets the mRNA 
transcript by a mechanism involving the exchange of one of 
the strands of the siRNA duplex With the region of sequence 
identity in the target transcript. FolloWing this strand 
exchange, cleavage of the mRNA transcript occurs. 

[0011] The cleavage of the target mRNA may occur at the 
ends of the duplexed region so, in effect, regenerating the 
siRNA endonuclease complex With one of the tWo strands of 
the regenerated siRNA coming from the original siRNA 
molecule and the other from the target transcript. Multiple 
cycles of transcript mRNA cleavage and hence siRNA 
regeneration may mean that each initial siRNA molecule can 
inactivate multiple copies of the target mRNA. Once the 
target mRNA transcript has been cleaved, the cleavage 
products not in the regenerated siRNA are rapidly degraded 
as they either lack the stabilising cap or pol(A)tail. 

[0012] Although experiments investigating gene silencing 
in loWer organisms have offered promising results it is 
thought that they may not be applicable to higher organisms 
such as mammals. It is thought that in higher organisms, 
such as mammals, cellular defence mechanisms operate 
Which are triggered by dsRNA. It is believed that dsRNAs 
activate the interferon response Which leads to a global 
shut-off in protein synthesis as Well as non-speci?c mRNA 
degradation. This can lead to cell death and hence prevent 
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selective gene inhibition. The presence of such defence 
mechanisms means that the applicability of gene silencing 
employing dsRNA in higher organisms has been questioned. 

[0013] Experiments Which have claimed to have demon 
strated the ef?cacy of dsRNA in inhibiting the expression of 
a target gene in higher organisms have either been in 
non-mammalian systems, such as Zebra ?sh or chicks, or 
alternatively in mammalian systems such as early embryos 
Where the viral defence mechanisms are not thought to 
operate. 

[0014] Preliminary experiments transfecting and/or 
microinjecting synthetic siRNAs, rather than longer dsRNA 
molecules Which can be processed to give rise to a siRNA, 
have led to speculation that it might be possible to overcome 
the problems of the viral defence mechanisms in higher 
organisms. It may be that there is a threshold for the length 
of dsRNA necessary to activate the cell’s defence mecha 
nisms. The siZe of the synthetic siRNAs, and in particular 
the double stranded regions in them, introduced into the 
target cell may be small enough that they are beloW this 
threshold and hence do not activate the defence mecha 
nisms. 

SUMMARY OF THE INVENTION 

[0015] It has noW been found according to the present 
invention, that, by using a RNA polymerase III promoter, 
and in particular a type 3 RNA polymerase promoter, in 
combination With a transcriptional termination sequence 
comprising a string of ?ve consecutive thymine residues in 
the sense strand that siRNAs can be ef?ciently expressed in 
animal cells and in particular in mammalian cells. 

[0016] By using the RNA polymerase III promoter in 
conjunction With the transcriptional terminator this ensures 
that one of the 3‘ overhangs necessary for optimal inhibitory 
activity is present in the siRNA generated from the con 
structs of the invention. The second 3‘ overhang may be 
produced by cleavage of a stem loop structure in the 
transcript generated from the construct. 

[0017] The fact that the constructs of the invention are 
DNA molecules capable of integrating into the genome of 
the target cell alloWs for stable, long term expression of the 
siRNA and hence long term inhibition of the target gene. 

[0018] Accordingly, the present invention provides a poly 
nucleotide comprising: 

[0019] 
[0020] 
0021 a transcri tional termination element com P 
prising ?ve consecutive thymine residues. 

a RNA polymerase III promoter; 

a region encoding a siRNA; and 

[0022] The invention also provides for 

[0023] a vector comprising a polynucleotide of the 
invention; 

[0024] a cell comprising a polynucleotide or vector of 
the invention; 

[0025] a non-human transgenic animal comprising a 
polynucleotide or vector of the invention; 

[0026] the use of a polynucleotide or vector of the 
invention to inhibit or reduce the expression of a 
target gene. 
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[0027] The invention also provides for a method of iden 
tifying an agent capable of modulating the phenotype of a 
cell or non-human transgenic animal of the invention, in a 
desired manner comprising determining Whether a test agent 
can modulate the phenotype of the cell or transgenic organ 
ism in the desired manner. 

[0028] The invention further provides for a method for 
identifying: 

[0029] a modulator of transcription and/or trans 
lation of a target gene; and/or 

[0030] (ii) a modulator of the activity of a target 
polypeptide, in a cell or a non-human transgenic 
animal of the invention, Which method comprises 
determining Whether a test agent can modulate tran 
scription and/or translation of the target gene or the 
activity of the target polypeptide. 

[0031] The invention also provides: 

[0032] an agent or modulator identi?ed by a method 
of the invention; 

[0033] a pharmaceutical composition identi?ed by a 
method of the invention. 

[0034] a kit comprising a polynucleotide, vector, or 
cell of the invention and a means for detecting and/or 
quantifying the expression of the target gene; 

[0035] a pharmaceutical composition comprising a 
polynucleotide, vector, cell, agent or modulator of 
the invention and a pharmaceutically acceptable 
excipient; 

[0036] a polynucleotide, vector, cell, agent or modu 
lator of the invention for use in a method of treatment 
of the human or animal body by therapy or diagno 
sis; and 

[0037] the use of a polynucleotide, vector, cell, agent 
or modulator of the invention in the manufacture of 
a medicament for the treatment or prevention of 
cancer or an autosomal dominant disorder. 

BRIEF DESCRIPTION OF THE FIGURES 

[0038] FIG. 1 shoWs suppression of gene expression in 
mammalian cells by a vector of the invention. FIG. 1(a) 
shoWs a schematic draWing of the basic pSUPER vector. 
FIG. 1(b) depicts the synthetic siRNA used to target CDHl 
and the predicted secondary structures of the three pSUPER 
CDHl transcripts (A, B and C) from each of the three 
pSUPER-Cdhl constructs evaluated. FIG. 1(c) shoWs a 
Western blot for Cdh1. The cell extracts on the blot are from 
cells transfected With (from left to right) a control plasmid 
expressing GFP, Cdhl-siRNA, the empty pSUPER con 
struct, the three pSUPER constructs capable of expressing 
the transcripts A, B and C indicated in FIG. 1(b) and ?nally 
empty pSUPER. FIG. 1(d) shoWs a northern blot of RNA 
extracted from cells transfected With the various constructs 
indicated. The position of the stem loop and siRNA are 
indicated on the blot. The SS-RNA band Was also measured 
With Ethidium Bromide staining as a control for loading. 

[0039] FIG. 2(a) shoWs a Western blot of cells transfected 
With increasing amounts of the pSUPER-p53 vector, that is 
predicted to produce the transcript depicted above the blot. 
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Cells Were either irradiated (+IR, 20 Gy) or left untreated, 
harvested, blotted and then probed With anti-p53 antibody as 
indicated and also probed for a control protein to shoW equal 
loading. FIG. 2(b) shoWs ?oW cytornetric analysis of cells 
transfected either with empty pSUPER or With pSUPER 
expressing the siRNA against p53. The cells have either 

been irradiated (+IR, 10Gy) or are unirradiated controls Cells With a G1-phase DNA content are indicated With an 

arroW. FIG. 2(c) shoWs cells transfected With 1 pg pSUPER 
vectors and 0.1 pg pBabe-puro plasrnid Which Were selected 
With 1 pg/rnl purornycin 48 hours later for 12 days. Plates 
Were irradiated (20 Gy) and after 4 hours ?xed and stained 
to detect p53. ShoWn also are the phase contrast images of 
the same colonies. The left and right images are of tWo 
different colonies. 

[0040] FIG. 3(a) depicts the intact target recognition 
sequence required to suppress CDH1 by the pSUPER-CDH1 
vector. The CDH1 19 nucleotide target-recognition 
sequence Was mutated to give one basepair substitution at 
position 9 or 2 of the stern. The predicted secondary struc 
tures of the transcripts are shoWn (mutations are in bold and 
underlined). FIG. 3(b) shoWs an irnrnunoblot against CDH1 
of cells transfected With the constructs displayed in FIG. 
3(a) probed With anti-CDH1 antibody. Cyclin D1 protein 
Was used to demonstrate equal loading. 

[0041] FIG. 4 shoWs suppression of CDC20 expression by 
both synthetic SiRNA and pSUPER-CDC20. ShoWn are the 
sequences of the SiRNA and the predicted transcript of 
pSUPER-CDC20 utiliZed to ihibit CDC20 expression. The 
indicated SiRNAs and plasmids Were transfected into cells, 
cell extracts irnrnunoblotted and probed to detect Cdc2O and 
Cyclin D1 proteins. 

[0042] FIG. 5 shoWs the use of a vector of the invention 
to interfere With p53 rnRNA expression. FIG. 5A shoWs a 
northern blot of RNA from MCF-7 cells transfected With 
pSUPER or the pSUPER-p53 vector. MCF-7 cells Were 
electroporated With pSUPER-p53 or vector and total RNA 
Was extracted 48 hours later. Thirty pg of RNA Was sepa 
rated on agarose gel, blotted and probed With a p53 speci?c 
32P labeled probe. The rRNAs controls for loading Were 
visualiZed by Ethidiurn Brornide staining of the blot. FIG. 
5B shoWs siRNA interference mediated by the same stern 
loop transcript can be expressed from retro viral vectors. 
Self-inactivating retro viral vectors (pRETRO-SUPER) 
expressing the purornycin marker gene Were cloned to 
harbor either an empty pol-III prornoter or one that targets 
p53 (FIG. 5D) as depicted. U2-OS cells containing the 
Ecotropic-receptor Were infected three times With these 
vectors and one day later cells Were selected for 4 days With 
1 pg/rnl purornycin and plated on glass slides. One day later, 
slides Were irradiated (20Gy), ?xed four hours later and 
stained With anti-p53 antibody. Irnrnuno-?orescence With a 
FITC-conjugated secondary antibody is shoWn together With 
the phase contrast of the same ?eld. Both pictures Were 
taken using the same settings of the camera and rnicroscope. 
FIG. 5(C) shoWs a schematic for pRETRO-SUPER With 
long terminal repeats (LTRs) at either end, a purornycin 
selectable marker With the HI RNA gene promoter, target 
sequence and terrninator also inserted. 

[0043] FIG. 6 shoWs a schematic representation of the 
various elements typically present in the construct of the 
invention. These are three consecutive cytosine residues, 
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immediately after Which transcription begins, the region 
encoding the siRNA, and the transcriptional terrninator 
comprising 5 consecutive thyrnidine residues. 

[0044] FIG. 7 shoWs the use of retroviral vectors to 
mediate RNA interference. FIG. 7A is a schematic draWing 
of retroviral pRETRO-SUPER RNA interference vector 
(pRS). DNA fragments containing the H1-RNA prornoter 
With no insert or With an insert to target human p53 (as 
described in Example 2) Were digested (EcoRI-XhoI) from 
corresponding pSUPER constructs and cloned into a self 
inactivating MSCV to generate pRS and pRS-p53, respec 
tively. FIG. 7B shoWs irnrnuno-stained cells. Hurnan U2-OS 
cells that stably express the rnurine ecotropic receptor (to 
alloW retorviral entry into cells) Were infected With pRS and 
pRS-p53 retrovirus and selected for one Week With puro 
rnycin. Polyclonal populations of purornycin-resistant cells 
Were irnrnuno-stained for p53 (in green) and for actin (in 
red). FIG. 7C shoWs a Western blot in Which Whole cell 
extracts were made from the same infected polyclonal 
populations of U2-OS cels as in FIG. 7B, separated by 
SDS-polyacrylarnide gel electrophoresis (PAGE), and 
irnrnuno-blotted to detect p53 protein. FIG. 7D shoWs 
Northern blot analysis, in Which 30 Elg of total RNA from 
the same infected cell population described in FIG. 7B Was 
preforrned and probed With the sense 19 nucleotide targeting 
p53 sequence, as described in Example 2. 

[0045] FIG. 8 shoWs the selective suppression of onco 
genic K-RASV12. FIG. 8A shoWs the sequences of the Wild 
type and V12 mutant alleles of human K-RAS and the 
predicted rnutant-speci?c short hairpin transcript encoded 
by pSUPER-K-RASV2. FIG. 8B shoWs an irnrnunoblot. The 
19 nt sequence spanning the V12 mutation of K-RASV12 
Was used to generate a pSUPER-K-RASV12 (pS-K-RASV12) 
construct. This construct, an empty pSUPER (p5) and 
H2B-GFP plasmids were electroporated into CAPAN-1 cells 
and Whole cell extracts Were prepared as described in 
Agarni, et al, Cell 102, 55-66 (2000)). Irnrnunoblot analysis 
Was preforrned using a speci?c anti K-RAS antibody (sc-30, 
Santa CruZ) and anti cyclin-D1 as control. FIG. 8C shoWs 
a Western blot produced as folloWs. The pSUPER cassette, 
containing the K-RASV12 targeting sequence, Was cloned 
into pRS as described in FIG. 7, and virus stock Was 
produced. A stable polyclonal pool of CAPAN-1 cells that 
expresses the rnurine ecotropic receptor Was infected With 
the indicated viral stocks. Cells Were selected With purorny 
cin for three days and Whole cell extracts Were used for 
irnrnunoblot analysis to detect K-RAS protein and the con 
trols p53 and actin. FIG. 8D shoWs a Western blot produced 
as folloWs. Stable polyclonal pools of CAPAN-1 and B] 
cells that express the ecotropic receptor Were infected With 
the indicated virus stocks, drug selected and irnrnunoblotted 
to detect K-RAS, p53 and actin proteins. 

[0046] FIG. 9 shoWs stable and selective loss of turnori 
genicity by a retroviral vector that targets the K-RASV12 
oncogene. The same CAPAN-1 (harbor rnutant K-RASV12) 
and EJ (harbor Wild type K-RAS) cell populations as in FIG. 
8 Were infected With the indicated RETRO-SUPER viruses 
and selected for three days using 3 EIg/rnl purornycin. FIG. 
9A is one representative of three independent experiments in 
Which 2><10 selected cells from the indicated infections Were 
plated in duplicates in 2.5 cm diameter plates containing soft 
agar. FIG. 9B shoWs athyrnic rnice into Which 1><106 
selected cells from pRS and pRS-K-RASV12 infections Were 
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injected subcutaneously as indicated. Four Weeks later, mice 
Were inspected for the presence of tumors at the site of 
injection. 

BRIEF DESCRIPTION OF THE SEQUENCES 

[0047] SEQ ID NO:1 provides the sequence for the human 
H1 RNA gene as available from GenBank under accession 
number X16612. 

[0048] SEQ ID NO:2 provides the sequence for the pre 
ferred H1 RNA gene promoter and corresponds to from 
nucleotide 146 to nucleotide 374 of the sequence of SEQ ID 
NO:1. 

[0049] SEQ ID NO:3 provides the sequence of the sense 
strand of the synthetic siRNA against Cdh1 depicted in FIG. 
1(b). 
[0050] SEQ ID NO:4 provides the sequence of the anti 
sense strand of the synthetic siRNA against Cdh1 depicted 
in FIG. 1(b). 

[0051] SEQ ID NO:5 provides the sequence of the pre 
dicted stem loop transcript generated from pSUPER 
Cdh11-A depicted in FIG. 1(b). 

[0052] SEQ ID NO:6 provides the sequence of the pre 
dicted stem loop transcript generated from pSUPER 
Cdh11-B depicted in FIG. 1(b). 

[0053] SEQ ID NO:7 provides the sequence of the pre 
dicted stem loop transcript generated from pSUPER 
Cdh11-C depicted in FIG. 1(b). 

[0054] SEQ ID NO:8 provides the sequence of the pre 
dicted stem loop transcript generated from pSUPER-p53 
Which is also depicted in FIG. 2(a). 

[0055] SEQ ID NO:9 provides the sequence of the pre 
dicted stem loop transcript generated from the pSUPER 
Cdh11-B vector as depicted in FIG. 3(a). 

[0056] SEQ ID NO:10 provides the sequence of the pre 
dicted stem loop transcript generated from the pSUPER 
Cdh11-B(mut-9) vector as depicted in FIG. 3(a). 

[0057] SEQ ID NO:11 provides the sequence of the pre 
dicted stem loop transcript generated from the pSUPER 
Cdh11-B(mut-2) vector as depicted in FIG. 3(a). 

[0058] SEQ ID NO:12 provides the sequence of the sense 
strand of the synthetic siRNA against CDC20 depicted in 
FIG. 4. 

[0059] SEQ ID NO:13 provides the sequence of the anti 
sense strand of the synthetic siRNA against CDC20 depicted 
in FIG. 4. 

[0060] SEQ ID NO:14 provides the sequence of the pre 
dicted stem loop transcript generated from the pSUPER 
CDC20 vector as depicted in FIG. 4. 

[0061] SEQ ID NO:15 provides the sequence of an oli 
gonucleotide used to generate pS-K-RASV12. 

[0062] SEQ ID NO:16 provides the sequence of an oli 
gonucleotide used to generate pS-K-RASV12. 

[0063] SEQ ID NO:17 provides the sequence of a region 
of Wild type K-RAS spanning residue 12. 
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[0064] SEQ ID NO:18 provides the sequence of a region 
of mutant K-RAS spanning residue 12. 

[0065] SEQ ID NO:19 provides the sequence of the pre 
dicted stem loop transcript generated from the pSUPER-K 
RASV12 vector as depicted in FIG. 8A. 

[0066] SEQ ID NO:20 provides the sequence of a pre 
ferred spacer region. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0067] Throughout the present speci?cation and the 
accompanying claims the Words “comprise” and “include” 
and variations such as “comprises”, “comprising”, 
“includes” and “including” are to be interpreted inclusively. 
That is, these Words are intended to convey the possible 
inclusion of other elements or integers not speci?cally 
recited, Where the context alloWs. Where the Word “com 
prising” is used the invention encompasses embodiments 
Which consist essentially of the elements speci?ed. 

[0068] The present invention provides various polynucle 
otides, vectors and constructs capable of producing siRNAs. 
By construct it is meant either a polynucleotide or vector of 
the invention. The polynucleotides of the invention com 
prises: 

[0069] 

[0070] 
[0071] a transcriptional termination element com 

prising ?ve consecutive 

a RNA polymerase III promoter; 

a region encoding a siRNA; and 

[0072] 
[0073] RNA Polymerase III Promoters 

[0074] The expression of the siRNA in the constructs of 
the invention is driven by a RNA polymerase III promoter. 
Such promoters are typically capable of producing a high 
level of expression of a particular gene and often Well in 
excess of the levels achievable With RNA polymerase II 
promoters. This high level of expression can help ensure that 
a high level of inhibition of the target gene is achievable. 

thymidine residues. 

[0075] Typically, the level of inhibition of the target gene 
is at least 20%, preferably is at least 30%, preferably at least 
40%, even more preferably is at least 50%, still more 
preferably is at least 60% of the normal level of expression 
of the allele or of the elevated level of expression of the 
targeted Where the target gene is abnormally expressed. The 
level of inhibition may be in excess of 60%, preferably in 
excess of 75%, more preferably in excess of 90%, even more 
preferably in excess of 95% of the normal level of expres 
sion of the allele or of the elevated level of expression of the 
targeted Where the target gene is abnormally expressed. The 
fact that the level of inhibition may be speci?cally chosen is 
one advantage over gene targeting and other conventional 
mutagensis methods, Where a gene is rendered completely 
inactive, Without the option for gradations of gene inhibi 
tion. Thus for a particular situation any of the levels of 
inhibition speci?ed herein may be used or a level of inhi 
bition as appropriate. 

[0076] The particular level of inhibition may be chosen, 
because of the use the methods of the invention are being put 
to. For example, in cases Where a disease is being modelled 
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that involves reduced expression of a gene, but not total 
elimination of the expression of that gene the level of 
inhibition may be chosen to match the reduction seen in the 
disease condition. Alternatively, in some therapeutic meth 
ods, Where a speci?c gene is expressed at an elevated level, 
it may be desired to return the level of expression of that 
gene to the normal level expression rather than to com 
pletely inhibit expression of that target gene. For target 
validation and drug screening less than a 100% inhibition 
may be required such as from 20 to 30%, more preferably 
from 30 to 40% or still more preferably from 40 to 50%. 

[0077] In a preferred embodiment of the invention the 
level of inhibition is, or almost is, 100%, and hence the cell 
or organism Will in effect have the phenotype equivalent to 
a so called “knock out” of a gene. HoWever, in some 
embodiments it may be preferred to achieve only partial 
inhibition so that the phenotype is equivalent to a so called 
“knock doWn” of the gene. 

[0078] The RNA polymerase III (pol III) promoters are 
responsible for the expression of a variety of genes including 
H1 RNA gene, 55, U6, adenovirus VA1, Vault, telomerase 
RNA, and tRNA genes. There are three major types of pol 
III promoters: types 1, 2 and 3. In addition to type 1 to 3 
promoters, several other pol III promoter elements have 
been reported including those responsible for the expression 
of Epstein-Barr-virus-encoded RNAs (EBER), and human 
7SL RNA. Any of these RNA polymerase III promoters, or 
functional derivatives thereof, may be used in the present 
invention to drive expression of the siRNA, the promoter 
may typically be a type 3 RNA promoter and in particular 
most preferably the promoter is a type 3 HI RNA gene 
promoter. Preferably the RNA polymerase III promoter 
responsible for the expression of the H11 RNA may be 
employed. The HI RNA is the RNA component of the human 
RNAse P. Type 3 promoters are preferred as they are 
“external” promoters in other Words they are self contained, 
in that they do no require speci?c elements to be present 
doWnstream of the transcriptional start site for transcription 
to occur such as in the case of type 1 or 2 promoters. In an 
especially preferred embodiment of the invention the pro 
moter employed is an external promoter. 

[0079] As Well as various knoWn RNA polymerase III 
promoter various functional derivatives of such promoters 
may be employed and in particular a functional derivative of 
the Hi RNA gene promoter may be employed. Such deriva 
tives Will be capable of being recognised by RNA poly 
merase III resulting in a transcript being generated. Such 
functional derivatives may comprise combinations of the 
various elements knoWn to be important in RNApolymerase 
III promoters. 

[0080] The promoter Will be operably linked to the region 
encoding the siRNA. Typically, the sequences encoding the 
siRNA Will be immediately doWnstream of the transcrip 
tional start site or be separated by a minimal distance such 
less than tWenty base pairs, preferably less than ten base 
pairs, even more preferably less than ?ve base pairs and still 
more preferably by tWo or less base pairs. 

[0081] Typically the RNA polymerase III promoter 
employed Will comprise three consecutive cytosines i.e. 
CCC, these Will normally be the last three nucleotides of the 
promoter and transcription Will start immediately doWn 
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stream of this CCC sequence. This is especially the case 
Where the promoter is a HI RNA gene promoter or a 
functional derivative thereof. 

[0082] In addition, to the RNA polymerase III promoter 
the constructs of the invention may comprise various ele 
ments to alloW for tissue speci?c, or temporally (time) 
speci?c expression. Methods to achieve such tissue or 
temporally controlled expression are knoWn in the art and 
any of these may be employed to achieve such expression. 
By using such mechanisms this may alloW the inhibition of 
the target gene to occur in a speci?c cell type or stage of 
development. This may have applications in both therapy 
and developmental biology for example, Where the aberrant 
expression or mutated allele is only being expressed in a 
particular cell type or it is not Wished to disrupt expression 
in other cell types or Where a gene is only expressed during 
a particular stage of embryonic development or maturation 
of the adult organism. It may also alloW for the study of 
essential embryonic genes in mature adults. 

[0083] By disrupting or inhibiting genes in a tissue or 
temporally controlled manner insights into gene function 
can be gained as Well as into the function of speci?c cell 
types. In gene knockouts often a phenotype is severe or 
affects multiple cell types so that it is hard to tell the role of 
a gene in a given cell type Which may be important in 
developing therapies. As Well as in developmental biology 
such methods may also be important in the study of the 
immune system as it involves multiple lineages and cell 
types. It may also be possible to eliminate a speci?c lineage 
or cell type by disrupting an essential gene only in that cell 
type or lineage. Again this may be important in animal 
models, screening and target validation as Well as studying 
the function of the lineage or cell type eliminated. 

[0084] Transcriptional Termination 

[0085] Atranscriptional termination element is included in 
the polynucleotide of the invention. The transcriptional 
terminator is doWnstream of the region encoding the siRNA 
and is preferably immediately doWnstream of the encoding 
region or separated by a minimal distance. 

[0086] Typically the termination element Will comprise a 
series of consecutive thymidines and in particular ?ve 
consecutive thymidine residues in the sense strand of the 
vector. The advantage of such a transcriptional terminator is 
that the transcript initiated by the preferred promoter of the 
invention is normally cleaved after the second uricil to give 
rise to a transcript ending With tWo consecutive uridines. 
These uridines can form one of the 3‘ overhangs in the 
siRNA necessary for optimal activity. The cleavage site and 
hence the overhang generated may vary depending on the 
precise nature of the type 3 RNApolymerase promoter used, 
some Will lead to the generation of overhangs of tWo, three, 
four or ?ve uridines and the particular system Will be chosen 
to give rise to the overhang of choice, Which Will typically 
be tWo uridine residues. 

[0087] Region Encoding the siRNA 

[0088] The polynucleotides of the invention comprise a 
region encoding a siRNA. By siRNA it is meant a short 
double stranded RNA molecule Which comprises a double 
stranded region Which is identical in sequence to a target 
gene. The siRNA is capable of silencing or inhibiting the 
speci?c target gene. 
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[0089] The inhibitory effect of the siRNA of the invention 
is mediated by the double stranded region of the molecule. 
It is the double stranded region Which is responsible for the 
speci?city of the inhibition and the mechanism by Which the 
siRNA acts. The formation of a complex With a nuclease and 
subsequent strand exchange of one of the strands of the 
siRNA With the target RNA transcript all subsequent cleav 
age of the transcript all involve a double stranded region. 

[0090] Typically, the dsRNA region of the siRNA has 
overhangs at one or preferably both of its 3‘ termini, these 
overhangs are preferably only a feW nucleotides in length 
and in particular are one or tWo nucleotides in length and 
preferably are tWo nucleotides in length. Although less 
preferred, the siRNA may be blunt ended or have single 
nucleotide 5‘ overhangs at one or both 5‘ termini. 

[0091] In situations Where the 3‘overhangs are dinucle 
otides, then the preferred 3‘ overhangs are derived from the 
?rst tWo nucleotides of the loop, being preferably UU or UG, 
and from the last tWo nucleotides in the transcript Which are 
invariably UU. In a particularly preferred embodiment of the 
invention, one or preferably both of the overhangs are UU. 

[0092] Typically, the double stranded region Which is 
identical in sequence to the target is generated from a stem 
looped single stranded precursor. The precursor comprises a 
region identical to a region of the sense strand of the target 
gene and a second region Which is the complement of the 
?rst and hence Which corresponds to the antisense strand of 
the target gene. The tWo complementary regions are usually 
separated by a short spacer region such that When the tWo 
complementary regions hybridise a stem loop or hairpin 
structure is formed With the spacer forming the loop. 

[0093] Typically, the region immediately 3‘ of the ?rst 
complementary region comprise tWo consecutive uridine 
residues and the loop structure can be cleaved. The cleavage 
typically occurs 3‘ to the tWo uridine residues and just before 
the region complementary to the ?rst. This results in the 
generation of a siRNA With a dsRNA region identical to the 
target and With the dinucleotide 3‘ overhangs necessary for 
activity. The tWo nucleotides Which give rise to the 3‘over 
hang may be any of the preferred dinucleotides mentioned 
above. Typically, the cleavage is carried out by an endog 
enous enZyme and in particular by a homolog of dicer. 
Alternatively, the construct may also encode such an 
enzyme. 

[0094] Typically, the region of sequence identity to the 
target gene is from eighteen to thirty nucleotides in length, 
preferably from nineteen to tWenty-three nucleotides in 
length, even more preferably is 21 or 22 nucleotides in 
length, and still more preferably the region is 21 nucleotides 
in length. Preferably the region of sequence identity does not 
exceed 30 bases. The loop of the stem structure may be any 
siZe above 6 nucleotides. Typically, the loop may be from 6 
to 100 nucleotides in length, preferably it is from 7 to 50 
nucleotides in length, more preferably is from 9 to 20 
nucleotides in length. In an especially preferred embodiment 
of the invention the loop is 9 nucleotides in length. The loop, 
and hence the region encoding, may include various ele 
ments such as a regulatory elements Which in?uence tran 
scription or elements Which in?uence RNA stability. 

[0095] As the polynucleotide of the invention generates a 
siRNA from a single RNA precursor With a stem loop 
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structure this is preferable to many methods in the art for 
generating siRNAs Where complementary single stranded 
RNAs are annealed and then the double stranded siRNA has 
to be puri?ed from unannealed single stranded RNA to 
ensure optimal performance. It is also more ef?cient than the 
use of plasmids comprising opposing promoters transcribing 
through the same region to produce sense and antisense 
transcripts Which again have to be annealed. 

[0096] As the invention uses a polynucleotide molecule to 
express the siRNA rather than transfecting or microinj ecting 
the siRNA itself, this also ensures longer term expression of 
the siRNA and hence inhibition of the target gene. In 
addition, the delivery of a DNA molecule such as polynucle 
otide to a target cell is considerably easier and less time 
consuming than the generation of a siRNA and its introduc 
tion to the target cell. 

[0097] Whilst not being Wished to be constrained to a 
particular mechanism it is believed that the siRNA effec 
tively acts as a guide RNA in a sequence speci?c RNA 
degradation process. The siRNA is thought to form a com 
plex With a nuclease folloWed by exchange of one of the 
strands in the siRNA by the equivalent strand of the tran 
script of the endogenous gene to be targeted. This means that 
one of the strands of the siRNA is released and replaced by 
the region of sequence identity in the target RNA. The strand 
exchange is folloWed by cleavage of the transcript, probably 
at each end of the duplex region. 

[0098] The cleavage products Which are separate from the 
duplex region are rapidly degraded as they lack either a 
stabilising cap or poly (A) tail. This cleavage therefore 
prevents expression of the targeted transcript, but also 
regenerates the initial complex of a siRNA and nuclease. 
This means that the regenerated complex can again inacti 
vate another target transcript and so on. The mechanism of 
action means there does not necessarily have to be an excess 
in the initial amount of siRNA to be expressed in comparison 
to the target transcript. 

[0099] Preferably the region of the target gene Which is 
also present in the siRNA is an exonic region. Typically the 
region is toWards the 5‘ end of the targeted transcript. In 
some embodiments of the invention several siRNAs are 
expressed targeting different regions of the same gene to 
help ensure maximal inhibition. The different siRNAs Will 
preferably be expressed as separate transcripts, but may be 
encoded on the same construct. Constructs are also provided 
Which are capable of inhibiting multiple genes by expressing 
siRNAs speci?c for each gene. Alternatively, multiple con 
structs may be used, each of Which expresses one or more 
siRNA speci?c for a particular gene. 

[0100] Embodiments of the invention alloWing for the 
inhibition of multiple genes may be used for inhibiting 
several genes in the same pathWay or redundant family 
members. This may be important in disease models, target 
validation, drug discovery and the other applications of the 
invention. The inhibition of multiple genes may alloW 
multifactorial disorders to be modelled. 

[0101] Often When one gene is inhibited a second gene is 
able to compensate for the ?rst either totally or at least to 
some extent. By inhibiting the compensatory gene or genes 
as Well this can be used to produce cells or organisms totally 
lacking a particular property or function. For example, all of 
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the kinases capable of phosphorylating a particular substrate 
or class of substrate may be eliminated or embryonic devel 
opment can be altered. 

[0102] In situations Where several genes in a pathWay are 
inhibited, this may ensure total elimination of the pathWay 
or alloW the pathWay to be engineered to produce a particu 
lar phenotype such as to produce a particular substance such 
as a desirable metabolite, in excess. PathWays often have 
feedback mechanisms controlling them and some of these 
may be eliminated using the methods of the invention. 

[0103] In some cases, the same siRNA produced may be 
able to target several genes. Such siRNAs Will typically be 
speci?c for a sequence present in tWo or more genes such as 
an evolutionary conserved sequence in a gene family. Again, 
this means that tWo or more genes capable of functionally 
compensating for each other may be inhibited, but also that 
a particular gene class may be inhibited. In some embodi 
ments, the siRNA produced may chosen to be able to inhibit 
homologous genes in different species because of sequence 
identity or homology betWeen the genes in the tWo species. 
Such embodiments may, for example, be useful Where the 
siRNA inhibits a gene of a pathogen such as a viral gene and 
is capable of inhibiting that gene in several species or strains 
of viruses because of sequence conservation. 

[0104] In some embodiments it may be desired to inhibit 
tWo or more transgenes, for example in a tissue speci?c 
manner, so that they are only active When chosen. In such 
embodiments, the transgenes may be tagged With a speci?c 
sequence present in all of them alloWing for them all to be 
inhibited With a single siRNA. 

[0105] In some embodiments of the invention, such as to 
ensure a particular secondary structure in the transcript or 
siRNA, it may be that the construct or transcript does not 
have any dinucleotide, trinucleotide, tetranucleotide, or 
hexanucleotide repeats With more than a certain number of 
repeats of the dinucleotide, trinucleotide, tetranucleotide or 
hexanucleotide, such as having less than ?ve, preferably less 
than ten, more preferably less than ?fteen, even more 
preferably less than tWenty such repeats, still more prefer 
ably less than tWenty ?ve repeats of the dinucleotide, 
trinucleotide, tetranucleotide or hexnucleotide. In some 
embodiments of the invention, the limitation on the number 
of repeats may apply speci?cally to the number of repeats in 
the loop of the stem loop and any of the limits mentioned 
above may apply speci?cally to the loop although the 
limitation may also be on the number of repeats in the stem 
or alternatively on any regions outside the hairpin such as at 
single stranded regions outside the stem loop. It may also be 
desired in some cases that these limitations apply to a 
speci?c dinucleotide such as GC or a speci?c tetranucleotide 
such as AGCT or a speci?c hexanucleotide such as 
GAATTC. 

[0106] Polynucleotides & Vectors 

[0107] The polynucleotides of the invention may be pro 
vided as simple polynucleotides or alternatively in the form 
of vectors. Preferably, they are provided in the form of 
vectors such as a plasmid. Such vectors may be shuttle 
vectors such that they are capable of being reproduced in 
large amounts in prokaryotic or eukaryotic bacterial systems 
and then introduced into the target cells. 

[0108] Many suitable vectors are knoWn in the art. These 
include Without limitation plasmid vectors, such as pBSK, 
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pBR322, pUC vectors, vectors that contain markers that can 
be selected in mammalian cells, such as pcDNA3.1, episo 
mally replicating vectors, such as the pREP series of vectors, 
retroviral vectors, such as the pBABE vector series, aden 
ovirus-associated vectors or adenoviral vectors. In particu 
lar, the preferred vector is pBSK (Bluescript). 

[0109] Such vectors may include various selection mark 
ers and/or reporter genes. These may be used for selection in 
the bacterial system the plasmid are groWn in, but also for 
selection of transfected and in particular stably transfected 
cell lines. Examples of reporter genes Which may be 
employed to identify transfected cell lines include alkaline 
phosphatase (AP), beta galactosidase (LacZ), beta glucoro 
nidase (GUS), chloramphenicol acetyltransferase (CAT), 
green ?uorescent protein (GFP), horseradish peroxidase 
(HRP), and luciferase (Luc). Possible antibiotic selectable 
markers include those that confer resistance to ampicillin, 
bleomycin, chloramphenicol, gentamycin, hygromycin, 
kanamycin, lincomycin, methotrexate, phosphinothricin, 
puromycin, and tetracyclin. The construct of the invention 
transcribed to generate the siRNA may be double or single 
stranded nucleic acid, especially preferred is the situation 
Where the construct is double stranded. 

[0110] The vector of the invention may be one Which is 
capable of integrating into the genome of the cell. Possible 
viruses Which may typically be used to integrate the con 
structs include retroviral vectors, such as the pBABE vec 
tors, lentiviral vectors, Adeno-associated virus (AAV) vec 
tors. HoWever, most plasmids can integrate at some 
frequency and hence may be used to generate integrants. 
Alternatively the vector may be one Which is capable of 
replicating as an extrachromosomal element such as an 
arti?cial chromosome or an Epstein Barr based virus. 

[0111] The vector used to introduce the polynucleotide of 
the invention into target cells may be a viral vector such as 
an adenoviral vector, retroviral viral vector, reovirus vector 
or lentivirus vector. Retroviral vectors are particularly useful 
for embodiments Where it is desired to integrate the vector 
into the host genome. Various viral vectors, and in particular 
retroviral and adenoviral vectors are knoWn in the art and 
any of these may be employed. 

[0112] The constructs of the invention may be introduced 
into the target cell or organism using a variety of methods. 
Where the polynucleotide is introduced into a cell in vitro 
conventional techniques such as by transfection, liposomes 
or viruses may be employed. Typically electroporation may 
be employed. 

[0113] Electroporation may also be used to introduce the 
constructs into embryos. 

[0114] In the case of organisms any conventional method 
of introducing nucleic acids may be employed. A viral 
construct packaged into a viral particle may be employed. 
For example viruses such as adeno associated virus, lentivi 
rus, reovirus or a retrovirus may be used. Lipid-mediated 
carrier transport such as liposomes may be used. Physical 
means such as bombardment With particles comprising the 
nucleic acid may be used. The method of delivery may mean 
that the construct is delivered to a particular location such as 
an organ or a diseased or in?amed sited. In some situations, 
the construct Will be delivered into the blood, lymph, or 
cerobrospinal ?uid. 
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[0115] The polynucleotides of the invention also includes 
transcripts and derivatives generated by transcription of the 
constructs of the invention. In particular, the molecules Will 
comprise the stem loop structure prior to cleavage. The 
transcript Will include the double stranded region respon 
sible for the speci?city of the resulting siRNA. Preferably, 
this region Will be speci?c for a human or viral gene, more 
preferably the region Will be speci?c for a target gene 
present in the genome of the target cell, even more prefer 
ably the target gene Will be an endogenous gene present in 
the host cell genome, but may be a transgene or viral gene 
integrated into the host genome. Therefore the target gene of 
the siRNA molecule Will be present in a host chromosome, 
but may be on an episome or even a plasmid or extrachro 
mosomal element or a viral genome. The transcripts and 
derivatives may have any of the characteristics or properties 
speci?ed herein such as siZe of stem loop, or overhangs etc. 
Although not a preferred embodiment of the invention, also 
envisaged are situations Where the constructs of the inven 
tion are used to generate siRNAs in one system, such as any 
of the cells mentioned herein, and then transferred into 
another system to inhibit or modulate a target system. 

[0116] Target Genes 

[0117] The target gene may be any gene of Which it is 
desired to inhibit or modulate the function of. The purpose 
of the inhibition may be therapeutic or to study the function 
of a particular gene. The inhibition of the gene may be to 
alter the phenotype of a cell or organism in some desired 
Way such as to improve the characteristics of a commercially 
reared animal. Typically, the target gene Will be a eukaryotic 
gene, but alternatively the target gene may be prokaryotic 
such as a viral gene being expressed in a eukaryotic host cell. 
The target gene may encode a polypeptide or alternatively a 
structural or enZymatic RNA. HoWever, preferably the target 
gene encodes a polypeptide. 

[0118] The target gene may be a developmentally impor 
tant gene, it may encode a cytokine, lymphokine, a groWth 
or differentiation factor, a neurotransmitter, an oncogene, a 
tumour suppressor gene, a membrane channel or component 
thereof. The gene may encode a receptor and in particular 
one for the gene products of any of the genes mentioned 
herein. The target gene may be one involved in apoptosis. 
Typically, the target gene Will be one associated With a 
disease or disorder and the methods of the invention may be 
used to treat, prevent, or ameliorate that disease or disorder. 

[0119] The system may be used to treat, prevent or ame 
liorate cancers. For example, the target gene may be an 
oncogene, tumour suppressor gene, or gene involved in the 
control of the cell cycle. Cancers Which may be treated 
include solid tumors and leukemias (for example B cell, 
mixed cell, null cell, T cell, T-cell chronic, HTLV-II-asso 
ciated, lymphocytic acute, lymphocytic chronic, mast cell, 
and myeloid leukemias, melanoma, ?brosarcoma, osteosa 
rcoma, neuroblastoma, neuro?broma, sarcoma (for example 
EWing, experimental, Kaposi, and mast cell sarcomas). The 
cancer may be one of the bone, breast, digestive system, 
colorectal, liver, pancreatic, pituitary, testicular, central ner 
vous system, lung, urogenital system or prostate. The 
tumour may be benign or malignant, typically it Will be 
malignant. The tumour may be a primary or secondary 
tumour and may be metastatic. The medicaments of the 
invention may be administered on their oWn or in combi 
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nation With other anti-cancer treatments such as in conjunc 
tion With chemotherapy or radiotherapy. The target gene 
may be one of a pathogen or host gene responsible for entry 
of the pathogen into its host, its subsequent replication or 
other functions such as integration of the pathogen’s genome 
into the hosts, establishment or spread of an infection in the 
host, or assembly of the next generation of pathogen. The 
inhibition of the gene may be used prophylactically (i.e., 
prevention) or to decrease risk of infection, as Well as to 
reduce the frequency or severity of symptoms associated 
With infection. 

[0120] In some situations disorders are caused by the 
elevated or inappropriate expression of a particular gene. For 
example in in?ammatory disorders or autoimmune disorders 
inappropriate expression of a particular gene may play a part 
in the pathogenesis of the disorder. In conditions such as 
arthritis, emphysema, adult respiratory distress syndrome 
and the like expression of in?ammatory mediators, receptors 
for such mediators, adhesion molecules, and bactericidal 
activities such as proteases or the respiratory burst may play 
an important part in the tissue damage occurring. By 
employing the methods and constructs of the present inven 
tion to inhibit genes such as these, and in particular at the 
particular site of in?ammation, these conditions may be 
prevented, treated or ameliorated. In such embodiments, 
methods Which alloW the inhibition to be con?ned to a 
particular cell type are particularly preferred. 

[0121] The target gene may be present in a host cell 
chromosome or may alternatively be an episomal element or 
present associated With a pathogenic structure present in the 
cell such as a viral protein. The target gene may be an 
endogenous gene or a transgene. Typically, the target gene is 
a mammalian gene or alternatively a viral gene. In embodi 
ments Where the target gene is a viral gene it may be 
integrated into the host chromosome or present as a non 
integrated element. The target gene may be a gene on a viral 
construct or some other vector introduced into a cell. 

[0122] In many embodiments the target gene is not a 
reporter gene or a selectable marker although such target 
genes are also envisioned as possible target genes. Examples 
of such reporter and selectable markers include any of those 
mentioned herein and in particular beta galactosidase 
(LacZ), beta glucoronidase (GUS), chloramphenicol acetyl 
transferase (CAT), green ?uorescent protein (GFP), horse 
radish peroxidase (HRP), or luciferase (Luc). 

[0123] Allele Speci?c Inhibition 

[0124] The polynucleotides of the invention may be used 
to inhibit expression of a speci?c allele, Whilst alloWing 
normal expression of the other allele. In such embodiments 
the tWo alleles of the gene Will have some difference in 
sequence Which Will alloW them to be discriminated betWeen 
by the siRNA. 

[0125] Many disorders result from the mutation of one 
allele Whilst the other allele is normal. These include auto 
somal dominant conditions as Well as some cancers such as 

Where mutation of one of the tWo copies of a proto-oncogene 
results in the generation of an oncogene and hence cancer or 
puts the individual one step closer to developing cancer. By 
speci?cally blocking expression of the mutated allele this 
may alloW treatment of the disorder as the remaining Wild 
type allele in the cell may be able to render the cell normal 
or at least regress the cancer, or ameliorate the condition. 
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[0126] In such embodiments the region of the polynucle 
otide of the invention identical to the target sequence Will be 
identical to the target allele, but different in sequence to the 
other allele. Thus, for example, the polynucleotide may 
include a nucleotide substitution, deletion, insertion or 
duplication Which alloWs the siRNA generated to discrimi 
nate betWeen the tWo alleles. The siRNA may target an allele 
generated by chromosomal translocation such as in the case 
of Burkitt’s Lymphoma or Philadelphia chromosome but 
neither of the Wild type alleles of the genes involved in the 
fusion. 

[0127] Typically, the sequence difference Will be the muta 
tion responsible for the disorder in question. The mutation 
may be one Which is responsible for converting a proto 
oncogene into an oncogene. For example the mutation may 
be one in an oncogene such as ras, jun, myc, src, sis, fos, 
bcl-1 or 2, or abl. HoWever, in some cases the sequence 
difference may not be the mutation responsible for the 
disorder, but instead may be a polymorphism alloWing the 
tWo alleles to be discriminated betWeen. This may mean that 
the speci?c mutation associated With the disease may not 
have to be identi?ed in each individual to be treated as a 
polymorphism may be more convenient to genotype for. In 
some conditions, such as those associated With the expan 
sion of a trinucleotide repeat, it may be dif?cult to generate 
a siRNA capable of speci?cally recognising the mutation as 
the only difference is a duplication or expansion of a repeat 
in one allele. It may be easier to generate a siRNA speci?c 
for a polymorphism Within the gene rather than the mutation 
in question. 

[0128] Typically, in the siRNA the sequence variation 
Which alloWs discrimination betWeen tWo alleles might be 
located at or near the centre of the double stranded region, 
such as from ?ve to ten bases into the double stranded 
region, preferably from seven to ten bases and even more 
preferably Will be nine or ten nucleotides into the duplexed 
region. In situations Where the mutation is not at the centre 
of the duplex region, it Will preferably be located betWeen 
the 3‘ end and the middle of the antisense strand of the 
siRNA. In some embodiments the mutation be close to the 
end of the double stranded region such as tWo, three or four 
nucleotides aWay. 

[0129] In some situations allele speci?c siRNAs of the 
invention may be used Where it is desired to inhibit both 
endogenous alleles of a gene Whilst alloWing expression of 
a transgenic allele. For example, in many cases Where a 
knockout is generated transgenic alleles of the mutated gene 
are introduced to determine Whether the transgene can 
rescue the phenotype associated With the knock out. This can 
alloW functional analysis of a gene. Therefore, a polynucle 
otide of the invention may be employed Which generates a 
siRNA capable of inhibiting the expression of both copies of 
a gene but not of a transgenic allele. The discrimination may 
be on the basis of a speci?c polymorphism introduced into 
the transgenic allele. Preferably, such a polymorphism does 
not involve an amino acid change or only results in a 
conservative amino acid substitution. Such methods may 
also be employed in therapies Where it is desired to inhibit 
the expression of both alleles of a target gene and then 
express a particular transgenic allele. In some situations, 
Where it is desired to inhibit both copies of an endogenous 
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gene, the tWo alleles Will each have a speci?c mutation or 
polymorphism so that a separate siRNA can be employed to 
inhibit each allele. 

[0130] The system of the invention may be used to selec 
tively inhibit the expression of particular splice variants. For 
example, the polynucleotide of the invention may produce a 
siRNA Which targets a particular splice variant Which con 
tains an exon it has sequence identity to, but leave intact 
splice variants lacking that exon. 

[0131] Target Cells & Organisms 
[0132] The system of the invention may be employed to 
inhibit gene expression in a variety of cells and organisms. 
The system may also be used to inhibit the expression or 
viral genes in their host cells. Typically, the system is used 
to inhibit expression in eukaryotic cells and organisms and 
in particular in mammalian cells or organisms. 

[0133] The target cell or organism may any organism in 
Which an RNA polymerase m promoter is capable of being 
expressed in. The organism Will usually be eukaryotic, and 
may be inverterbrate or verterbrate, but is preferably a 
verterbrate. Preferably, the target cell or organism is mam 
malian in origin such as of rat, mouse, coW, pig, sheep, or 
primate origin. In a particularly preferred embodiment of the 
invention the cell or organism is human. The target may be 
a virus and in particular a virus When it is present in a host 
cell. 

[0134] The cell in Which the polynucleotide or vector of 
the invention may be introduced into or the target gene is 
expressed in may be from the germ line or somatic cells, 
totipotent or pluripotent, dividing or non-dividing, immor 
taliZed or transformed. The cell may be a multipotent cell or 
a differentiated cell. Preferred cells include stem cells such 
as haematopoietic stem cells. Differentiated cell types Which 
may be targeted include Without limitation adipocytes, ?bro 
blasts, myocytes, cardiomyocytes, endothelium, neurons, 
glia, blood cells, megakaryocytes, lymphocytes, macroph 
ages, neutrophils, eosinophils, basophils, mast cells, leuko 
cytes, natural killer cells, dendritic cells, keratinocytes, 
chondrocytes, osteoblasts, osteoclasts, hepatocytes, and 
cells of the endocrine or exocrine glands. The cells may be 
those of an established cell or freshly isolated cells. The 
target cells may be transformed, in particular they may be 
cancerous and especially malignant cells or cell lines. The 
cancer may be any of those mentioned herein. Alternatively 
the target cells may be those infected With a particular 
pathogen. The target gene may be speci?cally inhibited in 
the target cell as opposed to other lineages. 

[0135] The nucleotide or vector may be delivered ex vivo 
With the target cell being recovered from the subject, the 
polynucleotide introduced, and the cells then returned to the 
subject. Optionally, various selection stages or assessments 
may be carried out to select and identify clones or cells 
Where the vector has integrated and the target gene is 
inhibited. Alternatively, the polynucleotide may be intro 
duced into multipotent cells, the cells differentiated into the 
desired cell type and then introduced into the subject to be 
treated. Again, optional stages of selection and characteri 
sation may be carried out. Such embodiments are especially 
preferred for disorders and situations Where it is not neces 
sary to inhibit the target gene in all of the particular cells 
type, and inhibiting expression in a proportion Will suf?ce. 
Such embodiments may also be used in target validation and 
drug identi?cation. 
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[0136] In some situations it may be desired to introduce 
the vector into a multipotent cell and then differentiate it into 
a number of different cell types to allow screening in several 
different cell types. In embodiments Where the construct is 
a multipotent cell this may also be used to study the 
differentiation and differentiation potential of that cell When 
the target gene is inhibited. This may elucidation of Whether 
a gene plays a role in the differentiation process and if so 
What role it plays. It may also be used to identify agents or 
treatments Which are capable of in?uencing the differentia 
tion in a preferable Way When the target gene is inhibited. 

[0137] The polynucleotides or constructs of the invention 
may be introduced into the target cell or organism via a 
variety of mechanisms. Where the polynucleotide is intro 
duced into a cell in vitro conventional techniques such as by 
transfection, liposomes or viruses may be employed. Typi 
cally electroporation may be employed. 

[0138] In the case of organisms any conventional method 
of introducing nucleic acids may be employed. A viral 
construct packaged into a viral particle may be employed. 
For example viruses such as adeno associated virus or a 
retrovirus may be used. Lipid-mediated carrier transport 
such as liposomes may be used. Physical means such as 
bombardment With particles comprising the nucleic acid 
may be used. The polynucleotide may be introduced into the 
vascular or extravascular circulation, the blood or lymph 
system, or the cerebrospinal ?uid. 

[0139] Measurement of Gene Inhibition 

[0140] In many embodiments of the invention it Will be 
desired to check the efficacy of the siRNAs in blocking the 
expression of the target gene. The inhibition of the gene may 
be measured in a variety Ways, typically at the RNA, protein 
or phenotypic level. 

[0141] Inhibition may be con?rmed using biochemical 
techniques such as Northern blotting, nuclease protection, 
reverse transcription, gene expression monitoring With a 
microarray, antibody binding, enZyme linked immunosor 
bent assay (ELISA), Western blotting, radioimmunoassay 
(RIA), other immunoassays, and ?uorescence activated cell 
analysis (FACS). 
[0142] Where the target gene is a mutated allele and the 
object of the inhibition is to speci?cally inhibit the mutated 
allele Whilst alloWing normal expression of the Wild type 
allele methods may be used to assess inhibition Which can 
discriminate betWeen expression of the Wild type allele and 
the mutated allele such as by single stranded conformational 
polymorphism, denaturing gel electrophoresis, allele spe 
ci?c PCR or antibodies capable of discriminating betWeen 
the Wild type and mutated proteins. 

[0143] Inhibition in a cell line or Whole organism, may be 
measured by using a reporter or drug resistance gene Whose 
protein product is easily assayed. Such reporter genes and 
selection markers include any of those mentioned herein. 
Inhibition may also be measured at the phenotypic level. For 
example, the appearance of a phenotype similar to that 
associated With disruption of the targeted gene may be 
looked for. Where the purpose of the siRNA is to block 
expression of a gene associated With a disease Whether or not 
the disease is prevented, ameliorated or treatable using the 
siRNA may be measured. Where the purpose of the siRNA 
is to treat an infectious disease any reduction in viral or 
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bacterial load may be assessed or alternatively the presence, 
absence or severity of symptoms associated With the disor 
der may be measured. 

[0144] 
[0145] In a preferred embodiment of the invention the 
polynucleotide or vector of the invention is integrated into 
the genome of the target cell. This helps ensure that the 
expression of the siRNA is permanent rather than the 
transient expression associated With non-integrating vectors. 

Integration 

[0146] Typically, the polynucleotide or vector of the 
invention Will be integrated into a chromosome of the host 
cell, although alternatively it may introduced in the form of 
an arti?cial chromosome such as a human arti?cial chro 
mosome or some other episomal element capable of self 
replication and maintenance in the host cell. Preferably, 
hoWever the vector or polynucleotide is integrated into a 
host chromosome. 

[0147] Particular vectors are knoWn in the art Which 
integrate into the genome of a cell more frequently. For 
example, the vector used to introduce the polynucleotide of 
the invention may be a retrovirus or retrovirus based vector 
capable of integrating into the host genome. Preferred vec 
tors for such embodiments include retroviral vectors, such as 
the pBABE vectors, lentiviral vectors, Adeno-associated 
virus (AAV) vectors, retroviral, lentiviral, adeno-associated 
and adenoviral vectors. Plasmid vectors such as pcDNA 3.1 
integrate as Well, albeit at loWer frequency. 

[0148] Although episomal vectors may not integrate into 
the genome at a high level integrants may still be obtained 
as a loW level of integration normally occurs When such 
vectors are employed. Almost all vectors Will integrate into 
host chromosomes at some level, even if they do so infre 
quently, as such integrants can probably be generated for any 
vector. Various methods are knoWn in the art for promoting 
integration such as irradiation and such methods may be 
employed. 

[0149] Preferably, the polynucleotide is integrated into the 
host genome by random integration. Alternatively, the vector 
or polynucleotide may be targeted to a speci?c location in 
the host cell by methods knoWn in the art such as a site 
speci?c recombinase or integrase to integrate the polynucle 
otide into a speci?c site. This may alloW the vector to be 
targeted into a knoWn region With particular characteristics 
such as being permissive for expression or to avoid integra 
tion in a gene of the host cell. 

[0150] After introduction of the target cell of the poly 
nucleotide into the target cell various selection and/or 
screening techniques may be employed to identify clones in 
Which the vector has integrated and to further characterise 
them. By employing a selectable marker this may alloW 
selection of the clones in Which the vector has integrated 
such as by looking for expression of a reporter gene such as 
green ?ourescent protein (GFP) or by antibiotic selection 
such as With G418. FACS sorting may be employed to 
collect cells expressing a particular marker gene such as 
GFP. 

[0151] Typically, after transfection the cells Will be groWn 
for a sufficient period of time such that transient expression 
Will not be the reason for drug resistance or reporter gene 
expression. For example, the cells may be groWn for more 






























