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INDUCIBLE SYSTEMS AND METHODS FOR 
CONTROLLING SIRNA EXPRESSION 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] The present application is a continuation of US. 
patent application Ser. No. 11/283,410 ?led 21 Nov. 2005, 
Which in turn is related to and claims priority under 35 U.S.C. 
§119(e) to US. provisional patent application Ser. No. 
60/629,890 ?led 23 Nov. 2004, each of Which are incorpo 
rated herein by reference. 

STATEMENT REGARDING FEDERALLY 
SPONSORED RESEARCH 

[0002] The present invention Was made in part With Gov 
ernment support under Grant Numbers AI29329, Al42552 
and HL074704 aWarded by the National Institutes of Health. 
The Government may have certain rights in this invention. 

SEQUENCE SUBMISSION 

[0003] The present application is being ?led along With a 
Sequence Listing in electronic format. The Sequence Listing 
is entitled 1954561SequenceListing.txt, created on 20 Mar. 
2012 and is 1 kb in siZe. The information in the electronic 
format of the Sequence Listing is incorporated herein by 
reference in its entirety. 

FIELD OF THE INVENTION 

[0004] The present invention relates to RNA interference. 
In particular, the invention relates to an inducible system and 
methods for controlling the expression of siRNA and to use of 
the system for inhibiting gene expression. 

BACKGROUND OF THE INVENTION 

[0005] The publications and other materials used herein to 
illuminate the background of the invention, and in particular, 
cases to provide additional details respecting the practice, are 
incorporated by reference, and for convenience are refer 
enced in the folloWing text by author and date and are listed 
alphabetically by author in the appended bibliography. 
[0006] The proteins mediating RNA interference (RNAi) 
are part of an evolutionarily conserved cellular pathWay that 
processes endogenous cellular RNAs to silence developmen 
tally important genes (Grishok et al., 2001; Hutvagner et al., 
2001 ). RNAi is a potent inhibitor of targeted gene expression 
in a Wide variety of organisms (Wianny and Zernica-GoetZ, 
2000; Kennerdell and CartheW, 1998; Fire et al., 1998). The 
triggers for RNAi are small interfering RNAs (siRNAs) that 
are processed from long double stranded or hairpin RNA 
precursors and become part of a ribonucleoprotein complex 
(Lipardi et al., 2001; Sijen et al., 2001). RNAi mediated gene 
silencing in mammalian cells has been achieved by either 
transfecting synthetic dsRNA (Caplan et al., 2001; Elbashir et 
al., 2001), plasmids (Brummelkamp et al., 2002; Lee et al., 
2002; Miyagishi and Taira, 2002) expressing siRNA as indi 
vidual sense and antisense strands, or the use of short hairpin 
RNAs (shRNAs) 21-29 nucleotides long Which are processed 
by the RNAse III family member Dicer to siRNA siZed mol 
ecules that guide the cleavage of cognate mRNA @(ia et al., 
2002; An et al., 2003). Most expression systems produce 
shRNAs from Pol III promoters Which provide discrete 5' and 
3' termini that are further processed into siRNAs. These tran 
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scripts mimic micro RNA precursors in structure and are most 
probably cytoplasmically exported by the transport factor 
exporting 5 (Ye et al., 2003). 
[0007] Early on it Was demonstrated that a Pol II promoter 
could also be used to express shRNAs @(ia et al., 2002). Some 
of the restrictions for expression of a functional shRNA 
include elimination of non-base paired 5' sequences and the 
use of a minimal poly A signal (Xia et al., 2002). There are 
several potential advantages to utiliZing Pol II expressed shR 
NAs including tissue speci?c promoters and inducible tran 
scription. Given the requirement for a poly A signal at the 3' 
end of the transcriptional units, it is not knoWn hoW the ?nal 
shRNAs are produced, and Which transport system is used to 
export these to the cytoplasm. Nevertheless, it is clear that 
functional siRNAs can be produced by Pol II systems. 
[0008] Small interfering RNAs (siRNAs) can induce potent 
gene silencing by directing degradation of cognate mRNAs. 
Controlled expression of siRNA may be important in clinical 
settings because it has been reported that some siRNA and 
shRNA sequences can induce a non-speci?c interferon 
response. The present invention thus provides controlled 
expression of siRNA. 

SUMMARY OF THE INVENTION 

[0009] The present invention relates to an inducible system 
for controlling expression of siRNA, including short hairpin 
RNA (shRNA). The inducible system comprises a suitable 
promoter operatively associated With an inducible element. 
siRNA is preferably produced only in the presence of an 
inducer Which is speci?c for the inducible element. The 
invention is useful for inhibiting gene expression. 
[0010] In one aspect, the present invention provides an 
inducible fusion promoter for expressing siRNA or shRNA. 
The inducible fusion promoter comprises a suitable promoter 
operatively associated With an inducible element. In one 
embodiment, the inducible element is responsive to a tissue 
speci?c, viral speci?c, cellular speci?c or engineered tran 
scription factor. In another embodiment, the inducible ele 
ment is responsive to a viral speci?c transcription factor. In a 
further embodiment, the virus is HIV. In one embodiment, the 
inducer is TAT. In another embodiment the inducible element 
is the HIV-1 LTR containing the TAR sequences. 
[0011] In a second aspect, the present invention provides 
for the inducible expression of siRNA (shRNA) in response to 
an inducer through the use of the inducible fusion promoter to 
Which the siRNA (shRNA) is operably linked. The fusion 
promoter should express siRNA (shRNA) only in cells that 
express the inducer. In one embodiment, the cells naturally 
express the inducer. In another embodiment, the cells are viral 
infected cells that express the inducer. In a further embodi 
ment, the cells are cells transfected with a vector that 
expresses the inducer. In one embodiment, the cells are cells 
harboring HIV-1. In a second embodiment, the cells are cells 
transfected With a vector expressing the TAT gene. 

[0012] In a third aspect, the present invention provides 
pharmaceutical compositions containing the inducible 
siRNA (shRNA). 
[0013] In a fourth aspect, the present invention provides 
methods for selectively reducing the expression of a gene 
product from a desired target gene in a cell, as Well as for 
treating diseases caused by the expression of the gene. In one 
embodiment, the method involves introducing into the envi 
ronment of a cell an amount of a inducible siRNA (shRNA) 
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such that a su?icient portion of the siRNA (shRNA) can be 
induced in the cell to cause a reduction in the expression of the 
target gene. 
[0014] siRNA expression according to the present inven 
tion translates to an e?icient inhibition of gene expression in 
a transient as Well as in a stable long-term setting. These 
results demonstrate for the ?rst time a functional inducible 
system for siRNAs Which are useful, for example, for siRNA 
based gene therapy. The present invention is particularly 
advantageous in that it addresses the safety concerns of off 
target effects sometimes or often associated With expression 
of shRNA. These advantages thus enhance the utility of the 
present invention in the clinical setting. 

BRIEF DESCRIPTION OF THE FIGURES 

[0015] FIG. 1A shoWs an shRNA sequence and expression 
cassettes. In particular, an shRNA sequence (SEQ ID NOzl) 
With minimal polyadenylation signal sequence is shoWn. One 
of the boxes shoWs the position of the G-U Wobble pairing. 
Also shoWn is a schematic representation of the pIND expres 
sion cassette from the pIND vector (Invitrogen) and shRNA 
expression cassette With and Without the 5' leader element of 
the minimal hsp70 promoter from the pIND vector. BIBgl II 
site; XIXma I site; TS:Transcription start; MCS:Multiple 
cloning site; LEILeader element; SISense strand; 
ASIAntisense strand; L:Loop. 
[0016] FIG. 1B are photographs shoWing inhibition of 
RevEGFP expression by shRNAs. EcR-293 cells Were co 
transfected With pIND-RevEGFP and shRNA constructs in 
the presence and absence of ponasterone, as indicated. Cells 
Were examined microscopically for EGFP expression as 
described in the Examples. The right panels in all cases are 
phase contrast images taken at the time of ?uorescent micro 
scope analysis (left panels) shoWing that approximately 
equivalent numbers of cells are present in each ?eld. Cells 
transfected With shRNA construct Without the leader element 
removed shoWed an approximate 90% reduction in ?uores 
cent cells. Cells transfected With pIND-shRNA shoWed 
EGFP expression levels similar to that observed With cells 
transfected With only the Rev-EGFP construct. Speci?c 
silencing of Rev-EGFP Was con?rmed by at least three inde 
pendent experiments. 
[0017] FIG. 1C shoWs results of a Northern blot analysis of 
EcR-293 cells transfected With shRNA constructs in the pres 
ence and absence of ponasterone, as indicated. mpIND-shR 
NAmpolyA construct shoWed expression and processing to 
siRNA-siZed products, both in the presence and absence of 
the inducer While the construct With the leader element 
shoWed no processing even in the presence of the inducer. 
Upper arroW indicates primary transcript region, the loWer 
bands indicate partially processed hairpin and siRNAs, 
respectively. The strong band in all lanes is an unknoWn 
cellular transcript that has homology to the oligonucleotide 
probe. MIMarker (21 nucleotide RNA). 
[0018] FIG. 1D is a graph shoWing inhibition of HIV-1 gene 
expression by shRNA constructs. EcR-293 cells Were co 
transfected With Wild type infectious proviral DNA, pNL4-3 
and mpIND-shRNAmpolyA in the presence and absence of 
ponasterone, as indicated. Inhibition is seen both in the pres 
ence and absence of the inducer. 
[0019] FIG. 1E shoWs results of a Northern blot analysis of 
total RNA extracted from the above cells and shoWs that 
siRNA expression and processing occurs both in the presence 
and absence of the inducer. The arroWs indicate partially 
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processed and fully processed shRNAs and siRNAs, respec 
tively. The strong band in all lanes is a cellular transcript that 
has homology to the oligonucleotide probe. 
[0020] FIG. 2A shoWs a schematic representation of 
LTRhsp-shRNA. HIV-1 LTR along With the TAR loop region 
Was cloned upstream of the minimal hsp70 promoter. 

[0021] FIG. 2B shoWs results of a Northern blot analysis of 
293 cells and shoWs Tat inducible expression of shRNAs. 
Cells Were co-transfected With LTRhsp-shRNA or the hsp70 
TATA mutated construct in the presence or absence of a Tat 
expressing plasmid, as indicated. Expression and processing 
to siRNA-siZed products Was only ob served in the presence of 
Tat. The hsp70 TATA mutated construct did not shoW any 
processing. mpIND-shRNAmpolyA Was transfected as a Pol 
II expressed shRNA control. ArroWs indicate partially pro 
cessed precursor and siRNA siZed products. The strong band 
common to all lanes is an endogenous sequence With homol 
ogy to the antisense olignucleotide probe. C:Cell control; 
MIMarker (21 nucleotide RNA). 
[0022] FIG. 2C is a graph shoWing Inhibition of HIV gene 
expression by LTRhsp-shRNA. 293 cells Were co-transfected 
With pNL4-3 and fold decrease in HIV-1 p24 is observed in 
cells transfected With LTRhsp-shRNA. The level of inhibition 
Was comparable to that observed With mpIND-shRNAm 
polyA Which Was used as Pol II expressed shRNA control. 

[0023] FIG. 2D shoWs results of a Northern blot analysis of 
total RNA extracted from the above cells and shoWs ef?cient 
expression and processing in cells transfected With LTRhsp 
shRNA and mpIND-shRNAmpolyA. The siRNA siZed prod 
ucts are indicated, the band above these is the partially pro 
cessed shRNA. C:Cell control; MIMarker (21 nucleotide 
RNA). 
[0024] FIG. 3A shoWs a schematic representation of a 
packaging system useful for inhibition of HIV-1 replication. 
The lentiviral vector, pHIV-7-GFP, contains a hybrid 5' LTR 
in Which the U3 region is replaced With the CMV promoter, 
the packaging signal (‘I’), the RRE sequence, the EGFP gene 
driven by CMV promoter, and the 3' LTR in Which the cis 
regulatory sequences are completely removed from the U3 
region. LTRhsp-shRNA mpolyA is inserted directly upstream 
of the CMV promoter of EGFP in pHIV-7-GFP vector in the 
reverse orientation. The solid box betWeen RRE and CMV 
EGFP represents the FLAP sequence of HIV-1. pCHGP-2 
contains the gag and pol genes and RRE sequence from HIV-l 
under the control of the CMV promoter. pCMV-Rev contains 
the coding sequence of Rev driven by the CMV promoter. 
pCMV-G contains the VSV-G protein gene under the control 
of the CMV promoter. pA indicates the polyadenylation sig 
nal from the human [3-globin gene. 
[0025] FIGS. 3B and 3C shoW the results of an HIV-1 
challenge assay. CD34 stem cells or CEM cells transduced 
With pHIV-7-LTRhsp shRNA Were challenged With a JRFL or 
HIV-l IIIB strain, respectively. Culture supematants Were 
collected and p24 ELISA Was carried out as described in the 
Examples. LTRshREVILTRhsp-shRNA cloned in the 
reverse orientation. 

[0026] FIG. 4 is a gel photograph shoWing transcription 
occurring from both HIV-1 LTR and mhsp70 TATA boxes. 
293 cells Were co-transfected With pNL4-3 and LTRhsp 
shRNA or hsp70 TATA mutant. 50 ngs of Total RNA Was used 
for RT-PCR analysis using primers ?anking the HIV-1 TAR 
and hsp70 TATA box sequences. Lanes corresponding to the 
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LTRhsp-shRNA and the hsp70 TATA mutant showed signals 
of similar intensity. GAPDH Was ampli?ed as an internal 
control. 
[0027] FIGS. 5A and 5B show partial processing of an 
shRNA loop. In FIG. 5A, the results of a Northern blot analy 
sis are shoWn in Which total RNA is extracted from 293 cells 
co-transfected With shRNA constructs and pNL4-3. A strong 
39 base partially processed form can be observed When the 
blot Was probed to detect the antisense strand. This product 
Was observed When the blot Was probed to detect the antisense 
strand. This product Was not detectable When a probe comple 
mentary to the sense strand Was used. The upper band is the 
partially processed shRNA and the loWer band is the fully 
processed siRNA. FIG. 5B is a schematic depiction of shRNA 
processing. An shRNA that is processed fully from the 3' end 
should result in three molecular species, a partially processed 
hairpin With the loop processed at the 5' end of the antisense 
strand, a fully processed loop and a partially processed spe 
cies With the loop processed at the 3' end of the sense strand 
of siZe ca 39 bases. 
[0028] FIG. 6 is a schematic representation of a general 
inducible system using a fusion promoter according to the 
invention. The cis-acting regulatory elements are cloned 
either betWeen the TAR loop and the minimal hsp70 pro 
moter, as shoWn, or doWnstream of the minimal polyadeny 
lation signal sequence (mpolyA). Transcription of the TAR 
loop by the HIV-1 LTR recruits N-TEF components NELF 
(tetramer) and DSIF (dimer). These in turn suppress tran 
scription from the hsp70 promoter as Well as HIV-1 LTR. 
Binding of cis-acting transcriptional activators either doWn 
stream of the minimal polyA or betWeen the TAR loop and the 
minimal hsp70 promoter activates shRNA transcription from 
the hsp70 promoter. 

DETAILED DESCRIPTION OF THE INVENTION 

[0029] The present invention relates to an inducible system 
for controlling expression of siRNA, including short hairpin 
RNA (shRNA). The inducible system comprises a nucleic 
acid construct that comprises a suitable promoter operatively 
associated With an inducible element. The nucleic acid con 
struct may also further comprise siRNA (shRNA) operably 
associated With the promoter. The siRNA is preferably pro 
duced only in the presence of an inducer Which is speci?c for 
the inducible element. The invention is useful for inhibiting 
gene expression. 
[0030] As used herein, “nucleic acid construct” or “con 
struct” refers to an isolated polynucleotide Which is intro 
duced into a host cell. This construct may comprise any 
combination of deoxyribonucleotides, ribonucleotides, and/ 
or modi?ed nucleotides. The construct may be transcribed to 
form an RNA, Wherein the RNA may be capable of forming 
a double-stranded RNA and/or hairpin structure. This con 
struct may be expressed in the cell, or isolated or synthetically 
produced. The construct may further comprise a promoter, or 
other sequences Which facilitate manipulation or expression 
of the construct. 
[0031] In one aspect, the present invention provides an 
inducible fusion promoter for expressing siRNA or shRNA. 
The inducible fusion promoter is a nucleic acid construct that 
comprises a suitable promoter operatively associated With an 
inducible element. In one embodiment, the inducible element 
is responsive to an inducer. In another embodiment, the 
inducer is a tissue speci?c transcription factor, a viral speci?c 
transcription factor, a cellular speci?c transcription factor or 
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an engineered transcription factor. In further embodiment, the 
inducible element is responsive to a viral speci?c transcrip 
tion factor. In a still further embodiment, the virus is HIV. In 
one embodiment, the inducer is TAT. In another embodiment 
the inducible element is the HIV-1 LTR containing the TAR 
sequences. 
[0032] As used herein “operably linked” or “operably asso 
ciated” includes reference to a functional linkage of at least 
tWo sequences. For example, operably linked includes link 
age betWeen a promoter and a second sequence, Wherein the 
promoter sequence initiates and mediates transcription of the 
DNA sequence corresponding to the second sequence. Oper 
ably associated includes linkage betWeen an inducing ele 
ment and a promoter, Wherein the inducing element acts as a 
transcriptional activator of the promoter. 
[0033] As used herein, “promoter” includes reference to a 
region of DNA that is involved in recognition and binding of 
an RNA polymerase and other proteins to initiate transcrip 
tion. In one embodiment, the promoter is a Pol II promoter. 
Any Pol II promoter may be used in accordance With the 
present invention. In one embodiment, the Pol II promoter is 
a heat shock promoter. In another embodiment, the heat shock 
promoter is a minimal heat shock promoter. In a further 
embodiment, the minimal heat shock promoter is the Droso 
phila hsp70 minimal heat shock promoter. 
[0034] As used herein, an “inducible element” includes an 
element that confers regulation on transcription of a doWn 
stream expressed region under inducing conditions. It may be 
obtained from enhancer regions that are also inducible. 
Removal of an inducible element from the doWnstream 
expressed region Would be expected to decrease expression of 
a doWnstream region under inducing conditions. Inducible 
elements (e.g., consensus sequences knoWn in the art) are 
usually betWeen about 4 and 100 nucleotides in length. 
[0035] In one embodiment, the inducible element is HIV-l 
TAR (transactivation-responsive region). TAR resides Within 
the R region of the HIV-1 long terminal repeat (LTR), 
betWeen —l7 and +54 With respect to the initiation site of viral 
transcription (Feng and Holland, 1988; Rosen et al., 1985; 
Muesing et al., 1987). The RNA encoded betWeen +1 and +59 
has the potential to from an extensive stem-loop secondary 
structure Which, as a portion of the untranslated leader RNA, 
Would be common to all HIV-l mRNAs (Muesing et al., 
1987; Okamoto and Wong-Staal, 1986). Studies have shoWn 
that the sequence +30CUGGG+34 in TAR Within the loop of 
the hairpin structure is required for TAT transactivation (Feng 
and Holland, 1988). 
[0036] As used herein, “encodes” or “encoding” refers to a 
DNA sequence Which can be processed to generate an RNA 
and/or polypeptide. 
[0037] As used herein, “inducer” includes an agent that 
induces, especially a substance that is capable of activating 
transcription from speci?c genes Within a cell. 
[0038] In one embodiment, the inducer is HIV-l TAT 
(trans-activator of transcription). HIV-l TAT is a 14 kDa viral 
protein involved in the regulation of HIV-1 transcriptional 
elongation (Kao et al., 1987; Feinberg et al., 1991; Marciniak 
and Sharp, 1991) and in its presence, viral replication 
increases by greater than l00-fold (Cullen, 1986; Muesing et 
al., 1987). It functions to trigger ef?cient RNA chain elonga 
tion by binding to TAR RNA, Which forms the initial portion 
of the HIV-1 transcript (Berkhout et al., 1989). The interac 
tion betWeen TAT and TAR is critical for virus replication and 
mutations in TAT that alter the RNA-binding site result in 



US 2012/0238022 A1 

defective viruses. Furthermore, virus replication can be 
strongly inhibited by the overexpression of TAR RNA 
sequences that act as competitive inhibitors of regulatory 
protein binding (Graham and Maio, 1990). 
[0039] In a preferred embodiment, the present invention 
relates to an HIV inducible shRNA system, preferably con 
taining a suitable promoter operably associated With an 
inducible element that is inducible by HIV TAT. In one 
embodiment, part of a TATA box region, such as the Droso 
phila hsp70 TATA box region, is cloned doWnstream of the 
HIV-1 LTR containing the TAR region. 
[0040] In one embodiment of the invention, an anti-HIV 
shRNA expressed from a Pol II promoter Was demonstrated 
to inhibit HIV-1 gene expression in mammalian cells. This 
preferred strategy Was applied to design a novel promoter 
system Where, in a preferred embodiment, the HIV-1 LTR is 
fused to the Drosophila hsp70 minimal heat shock promoter. 
This system is inducible by HIV-1 TAT, providing regulated 
expression of the shRNA. 
[0041] In another aspect of the invention, an inducible sys 
tem comprises a suitable promoter operatively associated 
With an HIV TAR region, Which instead of acting as a tran 
scriptional activator by recruiting TAT, acts as a repressor by 
recruiting, for example, N-TEF, thereby suppressing tran 
scription from the promoter. siRNA (shRNA) expression then 
can be induced in response to inducing elements (e.g., tran 
scription factors) associating With inducible elements (e.g., 
regulatory elements), Which also can be operatively associ 
ated With the promoter. 
[0042] In still another aspect of the invention, a nucleic acid 
construct is provided to encode the siRNA (shRNA) for any 
speci?c target sequence. Any siRNA (shRNA) can be inserted 
into the construct containing the inducible system, such that 
the encoded siRNA (shRNA) selectively targets and sup 
presses the target sequence. 
[0043] A cell containing a nucleic acid construct of the 
present invention is also provided. By “host cell” is meant a 
cell Which contains an introduced nucleic acid construct and 
supports the replication and/or expression of the construct. In 
one embodiment, the cell is a cell that naturally contains the 
inducer. In another embodiment, the cell is one that is infected 
by HIV-1, and thus produces TAT. In one embodiment, cells 
infected With HIV-1 can ef?ciently induce siRNA (shRNA) 
expression from a construct according to the present inven 
tion. In a further embodiment, the cell is one that is trans 
fected With a nucleic acid construct comprising a TAT coding 
sequence operably linked to a promoter, such that TAT is 
produced in the cell. The promoter associated With the TAT 
encoding nucleic acid sequence may be any promoter, such as 
a constitutive promoter, a tissue-preferred promoter, an 
inducible promoter or a derepressible promoter. 
[0044] The term “introducing” encompasses a variety of 
methods of introducing DNA into a cell, either in vitro or in 
vivo, such methods including transformation, transduction, 
transfection, and infection. Vectors are useful and preferred 
agents for introducing DNA encoding the interfering RNA 
molecules into cells. Possible vectors include plasmid vectors 
and viral vectors. Viral vectors include retroviral vectors, 
lentiviral vectors, or other vectors such as adenoviral vectors 
or adeno-associated vectors. 

[0045] In a further aspect of the invention, a method for 
suppressing a target sequence is provided. The method 
employs the constructs above, in Which a siRNA (shRNA) is 
designed to a region of the target sequence, and inserted into 
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the construct. Upon introduction into a cell and upon induc 
tion of the inducible system, the siRNA (shRNA) produced 
suppresses expression of the targeted sequence. In one 
embodiment, the cell is one that is infected With HIV-1, and 
the invention provides a method of inhibiting viral replica 
tion, thus establishing a negative feedback loop. In another 
embodiment, the cell is one that is transfected With a nucleic 
acid construct comprising a nucleic acid sequence encoding 
TAT, and the invention provides a method of inhibiting any 
target sequence. 
[0046] Transformation protocols as Well as protocols for 
introducing nucleotide sequences into cells may vary depend 
ing on the type of cell targeted for transformation. Suitable 
methods of introducing the DNA construct into cells are Well 
knoWn in the art and include microinj ection, electroporation, 
direct gene transfer, ballistic particle transformation, viral 
transformation, retroviral transformation and the like. 
[0047] In some embodiments, transient expression may be 
desired. In those cases, standard transient transformation 
techniques may be used. Such methods include, but are not 
limited to viral transformation methods, and microinj ection 
of DNA or RNA, as Well other methods Well knoWn in the art. 
[0048] Initial identi?cation and selection of cells and/or 
plants comprising the DNA constructs may be facilitated by 
the use of marker genes. Gene targeting can be performed 
Without selection if there is a sensitive method for identifying 
recombinants, for example if the targeted gene modi?cation 
can be easily detected by PCR analysis, or if it results in a 
certain phenotype. HoWever, in most cases, identi?cation of 
gene targeting events Will be facilitated by the use of markers. 
Useful markers include positive and negative selectable 
markers as Well as markers that facilitate screening, such as 
visual markers. 

[0049] Interfering RNA (RNAi) molecules, and more pref 
erably siRNA molecules, produced and/ or used in accordance 
With the invention include those types knoWn in the art. The 
RNAi, and preferably siRNA, or shRNA, molecules are 
double-stranded (ds) RNAs, i.e., RNAs that contain a duplex 
region, that preferably contain about 19 to 23, or 21 to 29, 
base pairs, respectively. The molecules also preferably con 
tain 3' overhangs, more preferably 3'UU or 3'TT overhangs. 
Each strand of the double stranded nucleic acidmay comprise 
RNA, RNA analog(s) or RNA and DNA. Typically, the anti 
sense strand of the siRNA is suf?ciently complementary With 
the target sequence of the target gene. The siRNA and shRNA 
constructs are designed and prepared using techniques Well 
knoWn in the art, including those described in copending 
application Ser. No. 11/079,906 ?led on 15 Mar. 2005, incor 
porated herein by reference. The siRNA or shRNA is oper 
ably associated With the inducible fusion promoter of the 
present invention. 
[0050] The phrase “duplex region” refers to the region in 
tWo complementary or substantially complementary oligo 
nucleotides that form base pairs With one another, either by 
Watson-Crick base pairing or any other manner that alloWs 
for a duplex betWeen oligonucleotide strands that are comple 
mentary or substantially complementary. For example, an 
oligonucleotide strand having 21 nucleotide units can base 
pair With another oligonucleotide of 21 nucleotide units, yet 
only 19 bases on each strand are complementary or substan 
tially complementary, such that the “duplex region” consists 
of 19 base pairs. The remaining base pairs may, for example, 
exist as 5' and 3' overhangs. Further, Within the duplex region, 
100% complementarity is not required; substantial comple 
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