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(57) ABSTRACT 

The invention relates to recombinant vectors for inducible 
and/or tissue speci?c expression of double-stranded RNA 
molecules that interfere With the expression of a target gene. 
In certain embodiments, the invention relates to the use of 
Tet (tetracycline)-responsive RNA Polymerase ll (Pol II) 
promoters (e.g., TetON or TetOFF) to direct inducible 
knockdown in certain cells of an integrated or an endog 
enous gene, such as p53. The invention also relates to a 
method for producing transgenic animals (e.g., mice) 
expressing inducible (such as tetracycline-regulated), 
reversible, and/or tissue-speci?c double-stranded RNA mol 
ecules that interfere With the expression of a target gene. 
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METHODS FOR PRODUCING MICRORNAS 

REFERENCE TO RELATED APPLICATION 

[0001] This application claims the bene?t of the ?ling date 
of US. Provisional Application Ser. No. 60/686,135, 
entitled “METHODS FOR PRODUCING MICRORNAS,” 
and ?led on May 31, 2005. The teachings of the entire 
referenced application is incorporated herein by reference. 

GOVERNMENT SUPPORT 

[0002] Work described herein Was funded, in Whole or in 
part, by Mouse Models of Human Cancer Consortium Grant 
No. 25480211. The United States government has certain 
rights in the invention. 

BACKGROUND OF THE INVENTION 

[0003] RNA interference (RNAi) has been used to silence 
the expression of a target gene. RNAi is a sequence-speci?c 
post-transcriptional gene silencing mechanism triggered by 
double-stranded RNA (dsRNA). It causes degradation of 
mRNAs homologous in sequence to the dsRNA. The media 
tors of the degradation are 21-23-nucleotide small interfer 
ing RNAs (siRNAs) generated by cleavage of longer dsR 
NAs (including hairpin RNAs) by DICER, a ribonuclease 
III-like protein. Molecules of siRNA typically have 2-3 
nucleotide 3' overhanging ends resembling the RNAse III 
processing products of long dsRNAs that normally initiate 
RNAi. When introduced into a cell, they assemble an 
endonuclease complex (RNA-induced silencing complex), 
Which then guides target mRNA cleavage. As a consequence 
of degradation of the targeted mRNA, cells With a speci?c 
phenotype of the suppression of the corresponding protein 
product are obtained (e.g., reduction of tumor siZe, metasta 
sis, angiogenesis, and groWth rates). 

[0004] The small siZe of siRNAs, compared With tradi 
tional antisense molecules, prevents activation of the 
dsRNA-inducible interferon system present in mammalian 
cells. This helps avoid the nonspeci?c phenotypes normally 
produced by dsRNA larger than 30 base pairs in somatic 
cells. See, e.g., Elbashir et al., Methods 26:199-213 (2002); 
McManus and Sharp, Nature RevieWs 3:737-747 (2002); 
Hannon, Nature 418:244-251 (2002); Brummelkamp et al., 
Science 296:550-553 (2002); Tuschl, Nature Biotechnology 
20:446-448 (2002); US. Application US2002/0086356 A1; 
WO 99/32619; WO 01/36646; and WO 01/68836. 

SUMMARY OF THE INVENTION 

[0005] One aspect of the invention provides an arti?cial 
nucleic acid construct comprising an RNA Polymerase II 
(Pol II) promoter operably linked to a coding sequence for 
expressing a precursor molecule for an siRNA, the siRNA 
inhibiting the expression of a target gene, Wherein the 
nucleic acid construct directs the expression of the precursor 
molecule and/or the siRNA, and substantially inhibits the 
expression of the target gene When the arti?cial nucleic acid 
construct is stably integrated into a host cell genome. 

[0006] In certain embodiments, the Pol II promoter is an 
inducible promoter, a tissue-speci?c promoter, or a devel 
opmental stage-speci?c promoter. For example, the induc 
ible promoter may be a tetracyclin-responsive promoter, 
including commercially available TetON promoter (the tran 
scription from Which promoter is activated at the presence of 
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tetracyclin (tet), doxycycline (Dox), or tet analog), or the 
TetOFF promoter (the transcription from Which promoter is 
turned off at the presence of tetracyclin (tet), doxycycline 
(Dox), or a tet analog), e.g., those from Clontech, Inc. 

[0007] In other embodiments, the inducible promoter may 
be selected from: a promoter operably linked to a lac 
operator (LacO), a LoxP-stop-LoxP system promoter, or a 
GeneSWitchTM or T-RExTM system promoter (Invitro gen), or 
equivalents thereof With identical or substantially similar 
mechanisms. 

[0008] In yet other embodiments, the Pol II promoter can 
be any art-recognized Pol II promoters, such as an LTR 
promoter or a CMV promoter. 

[0009] In certain embodiments, the precursor molecule 
may be a precursor microRNA, such as an arti?cial miR 
comprising coding sequence for the siRNA for the target 
gene. For example, the miR may comprise a backbone 
design of microRNA-30 (miR-30). Alternatively, the miR 
may comprise a backbone design ofmiR-15a, -16, -19b, -20, 
-23a, -27b, -29a, -30b, -30c, -104, -132s, -181, -191, -223. 
See US 2005/0075492A1 (incorporated herein by refer 
ence). 
[0010] In other embodiments, the precursor molecule may 
be a short hairpin RNA (shRNA). 

[0011] The constructs of the instant invention is highly 
potent, and a single integrated copy of the subject nucleic 
acid construct is sufficient for substantially inhibiting the 
expression of the target gene. “Substantially inhibiting” as 
used herein includes inhibiting at least about 20%, or about 
30%, 40%, 50%, 60%, 70%, 80%, 90%, 95%, 99% or close 
to 100% of the expression or mRNA and/or protein of the 
target gene. 

[0012] The constructs of the invention may further com 
prise an enhancer for the Pol II promoter. 

[0013] The constructs of the invention may further com 
prise a reporter gene under the control of a second promoter, 
such as a luciferase, a ?uorescent protein (e.g. GFP, RFP, 
YFP, BFP, etc.), or an enzyme, or any other art-recognized 
reporter Whose physical presence and/or activity can be 
readily assessed using an art-recogniZed method. 

[0014] In certain embodiments, the second promoter and 
the reporter gene can be doWnstream of (3'-to) the coding 
sequence for the precursor molecule. In other embodiments, 
the reporter gene is translated from an internal ribosomal 
entry site (IRES) betWeen a second promoter and the 
reporter gene. 

[0015] In other embodiments, the coding sequence for 
expressing the precursor molecule may be embedded or 
inserted into the 5'-UTR (5'-untranslated region), 3'-UTR, or 
an intron of the reporter gene. 

[0016] The constructs of the invention may further com 
prise at least one selectable marker, such as puromycin, 
Zeocin, hygromycin, or neomycin, etc. 

[0017] The constructs of the invention may further com 
prise a Pol III promoter upstream of the coding sequence for 
expressing the precursor molecule. 

[0018] The constructs of the invention can be used to 
inhibit the expression of a number of different target genes. 
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In certain embodiments, the target gene is associated With a 
disease condition such as cancer or infectious disease. For 

example, the target gene may be over-expressed or abnor 
mally active in the disease. In addition, the target gene may 
be an oncogene or an antagonist/inhibitor or dominant 
negative mutation of a tumor suppressor gene. 

[0019] Another aspect of the invention provides a cell 
comprising any of the subject nucleic acid constructs. 

[0020] In certain embodiments, the cell may be a mam 
malian cell. 

[0021] In certain embodiments, the cell may be a tissue 
culture cell (e. g., a primary cell, or a cell from an established 
cell line), a cell in vivo, or a cell manipulated ex vivo. 

[0022] If the Pol II promoter is an inducible promoter, the 
cell may further comprise an additional construct for 
expressing an activator or an inhibitor of the inducible 
promoter. For example, if the inducible promoter is a 
tet-responsive promoter, the additional construct may 
encode tTA or rtTA. If the inducible promoter is a LacO 
responsive promoter, the additional construct may encode 
LacI. If the inducible promoter is a LoxP-stop-LoxP system 
promoter, the additional construct may encode a Cre recom 
binase, Which may be under the transcriptional control of an 
inducible promoter, a developmental stage-speci?c pro 
moter, or a tissue-speci?c promoter. 

[0023] Another aspect of the invention provides a non 
human mammal comprising any of the subject cells 
described above. In certain embodiments, the non-human 
mammal may be a chimeric mammal some of Whose 
somatic or germ cells are subject cells as described above. 
Alternatively, the non-human mammal may be a transgenic 
mammal all of Whose somatic or germ cells are subject cells 
described above. 

[0024] Another aspect of the invention provides a method 
for making a subject chimeric non-human mammal as 
described above, comprising introducing a construct accord 
ing to any of the subject nucleic acid constructs into an 
embryonic stem (ES) cell and generating a chimeric mam 
mal from the ES cell. 

[0025] Another aspect of the invention provides a method 
for making a subject transgenic non-human mammal 
described above, comprising mating a subject chimeric 
non-human mammal described above With another animal 
from the same species. 

[0026] Another aspect of the invention provides a method 
for inhibiting the expression of a target gene of interest in a 
cell, comprising introducing a subject construct into the cell, 
Wherein the siRNA molecule derived from the precursor 
molecule is speci?c for the target gene. 

[0027] In certain embodiments, the method further com 
prises inhibiting at least one additional target gene(s) of 
interest in the cell by introducing at least one additional 
constructs according to any one of the subject nucleic acid 
constructs into the cell, Wherein each of the siRNA mol 
ecules derived from the precursor molecules are speci?c for 
the additional target genes, respectively. 

[0028] Another aspect of the invention provides a method 
for treating a gene-mediated disease, comprising introducing 
into an individual having the disease a construct according 
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to any of the subject nucleic acid constructs, Where the 
siRNA derived from the precursor molecule is speci?c for 
the gene mediating the disease. 

[0029] Another aspect of the invention provides a method 
of validating a gene as a potential target for treating a 
disease, comprising: (1) introducing a construct according to 
any one of the subject nucleic acid constructs described 
herein into a cell associated With the disease, Wherein the 
siRNA molecule derived from the precursor molecule is 
speci?c for the gene; (2) assessing the effect of inhibiting the 
expression of the gene on one or more disease-associated 
phenotype; Wherein a positive effect on at least one disease 
associated phenotype is indicative that the gene is a potential 
target for treating the disease. 

[0030] In certain embodiments, the gene is over-expressed 
or abnormally active in disease cells or tissues. Altema 
tively, the gene may be doWnstream of and is activated by 
a second gene over-expressed or abnormally active in dis 
ease cells or tissues. In addition, the product of the gene 
antagonizes an suppressor of a second gene over-expressed 
or abnormally active in disease cells or tissues. 

[0031] In certain embodiments, the cell may be a tissue 
culture cell, such as a primary cell isolated from diseased 
tissues, or from an established cell line derived from dis 
eased tissues. 

[0032] In other embodiments, the cell is Within diseased 
tissues, and step (2) above comprises evaluating one or more 
symptoms of the disease. 

[0033] In certain embodiments, the cell may be one from 
a transgenic animal, such as one comprising any of the 
subject nucleic acid constructs. 

[0034] For example, in a transgenic animal With a trans 
gene comprising any of the subject nucleic acid constructs, 
the transgene may encode a precursor molecule, Which, 
upon processing, generates a siRNA speci?c for the candi 
date target gene. Preferably, the expression of the precursor 
molecule is inducible, reversible, and/or tissue-speci?c. 

[0035] In certain embodiments, the method further com 
prises assessing the side e?fect, if any, of knocking doWn the 
expression of the target gene in one or more tissues/organs 
other than the diseased tissue, Wherein the target gene is a 
valid target if the side effect, if any, is acceptable to a person 
of skill in the respective art (e.g., When validating a drug 
target, such side effects resulting from impairment of the 
target gene function in other tissues must be acceptable to a 
physician or veterinarian). 

[0036] In certain embodiments, the expression of the gene 
may be inducibly inhibited by a subject construct, or induc 
ibly activated by turning doWn the expression of a subject 
construct. 

[0037] It is also contemplated that all embodiments of the 
invention, including those speci?cally described for differ 
ent aspects of the invention, can be combined With any other 
embodiments of the invention as appropriate. 

[0038] Other features and advantages of the invention Will 
be apparent from the folloWing detailed description and 
claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0039] FIG. 1 shoWs e?fective knockdoWn via single copy 
expression of miR30-based shRNAs from a retroviral LTR 
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promoter. (A) Schematic representation of predicted RNA 
folds for simple stem/ loop and miR30 design shRNAs. Note 
extensive predicted folding for the 300 nt pre-miR30 RNA. 
Folds Were generated using mfold. (B) Retroviral vectors 
used to deliver shRNAs to mammalian cells. Provirus lay 
outs are shoWn to indicate promoter activity of the integrated 
virus. Active promoters are shoWn as open arroWs, With tWo 
inverted black arroWs representing shRNA stem sequences. 
(C) Western blot analysis for p53 expression of NIH3T3 
cells transduced With the retroviral vectors shoWn in B and 
selected in puromycin. A tubulin blot is shoWn as a loading 
control. (D) Colony formation assay for the cells shoWn in 
(C). Cells Were seeded in 6 Well plates at 2500 cells/Well, 
and alloWed to groW for 10 days before harvesting. (E) 
Western blot analysis for p53 expression in NIH3T3 cells 
transduced at less than 5% ef?ciency (assessed by GFP 
FACS; not shoWn) With the retroviral vectors shoWn in (B). 
A tubulin blot is shoWn as a loading control. Similar results 
Were obtained in other cell types including Wild type and 
pl9ARF-null MEFs (data not shoWn). 
[0040] FIG. 2 shoWs that RNA polymerase ll-driven shR 
NAs can effectively promote tumorigenesis and chemo 
therapy resistance in vivo. (A) Kaplan-Meier curve shoWing 
mouse survival folloWing adoptive transfer of Eu-Myc 
HSCs infected With LTR-driven Bim shRNAs. (B) Western 
blot shoWing reduced BimEL and BimL expression in 
Eu-Myc lymphomas expressing Bim shRNAs. Control: 
archived tumors arising from Eu-Myc HSCs (on either a 
Wild type, ARF+/_ or p53+/_ background; not shoWn) Were 
used as controls for Bim expression. (C) Kaplan-Meier 
curves shoWing tumor-free survival (left) and overall sur 
vival (right) for mice harboring pl9ARF-null lymphomas 
infected With either the LMP-p53.l224 retrovirus or vector 
control. Tumor-bearing mice Were given a single 10 mg/kg 
dose of adriamycin at day Zero. (D) Flow cytometry analysis 
of GFP expression in lymphoma cells harvested from the 
mice in (A). Representative histograms shoW the percent of 
GFP-positive cells at the time of treatment (left) and after 
tumor relapse (right). 
[0041] FIG. 3 shoWs stable and regulatable shRNA 
expression from a tet-responsive RNA polymerase II pro 
moter. (A) Provirus layout of the SlN-TREmiR30-PIG 
(TMP) retroviral vector. (B) Western blot analysis of Rb 
expression in HeLa-tTA cells infected With TMP-Rb.670. 
Cells Were treated With 100 ng/mL Dox for 4 days prior to 
harvesting. Control uninfected HeLa-tTA cells treated With 
Dox are also shoWn. (C) Rb expression in homogeneous 
cultures derived from single-cell clones of HeLa-tTA cells 
infected at single copy With TMP-Rb.670. Cells Were cul 
tured in normal, Dox-free medium prior to harvesting. 
con=control uninfected HeLa-tTA cells. (D) Dox dose/re 
sponse analysis of Rb expression in HeLa-tTA clone 
Rb.670C. Cells Were cultured for 8 days in the indicated Dox 
concentration prior to harvesting. Control uninfected HeLa 
tTA cells (con) cultured With or Without Dox are also shoWn. 
Note the presence of a non-speci?c band in the GFP immu 
noblot, running just beloW GFP. (E) Rb expression in 
HeLa-tTA clone Rb.670C cells over time in response to 
shifting into or out of Dox. Cells Were cultured Without Dox 
(left panels) or in 100 ng/mL Dox (right panels) for eight 
days prior to shifting them into 100 ng/mL Dox or Dox-free 
medium, respectively. Again, note the presence of a faint 
non-speci?c band in the GFP immunoblot. Similar results 
Were observed for all Rb.670 clones shoWing good Rb 
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knockdown in Dox-free medium (C, above), With some 
clonal variation in kinetics. In addition, similar results Were 
obtained using other mishRNAs targeting Rb and PTEN 
(data not shoWn). (F) Rb expression in homogeneous cul 
tures derived from single-cell clones of U2OS-rtTA cells 
infected at around 1% ef?ciency With TMP-Rb.670. Cells 
Were cultured in 1000 ng/mL Dox for several days prior to 
harvesting. (G) Dox dose/response analysis of Rb expres 
sion in U2OS-rtTA clone Rb.670R5 cells. Cells Were cul 
tured for 8 days in the indicated Dox concentration prior to 
harvesting. Control uninfected U2OS-rtTA cells cultured 
With or Without Dox are also shoWn. (H) Rb expression in 
U2OS-rtTA clone Rb.670R5 cells in response to Dox treat 
ment. Cells Were cultured Without Dox for eight days prior 
to shifting them into 1000 ng/mL Dox. Note that Rb.670R5 
cells express some GFP in Dox-free medium, and Rb levels 
are slightly decreased compared With controls, indicating 
slightly leaky expression from the TRE-CMV promoter in 
this particular clone. 

[0042] FIG. 4 shoWs reversible p53 knockdoWn in primary 
MEFs. (A) Colony formation assays of Wild type MEFs 
doubly infected With TMP-p53.l224 and tTA. Cells Were 
seeded in 6 Well plates at 5000 cells/Well, and groWn for 8 
days before harvesting. Upper Wells contained Dox-free 
medium, Whereas loWer Wells contained 100 ng/mL Dox. 
Positive control p53-null MEFs are shoWn, as are negative 
control Wild type MEFs infected With TMP-p53.l224 alone 
or With TMP-PTENlOlO plus tTA. (B) Western blot analy 
sis of p53 and GFP expression in cells expanded from a 
single-cell clone of Wild type MEFs infected With TMP 
p53.l224 and tTA (WtT cells). Cells Were cultured in 100 
ng/mL Dox for various times prior to harvesting. (C) Mor 
phology and GFP ?uorescence of WtT cells originally plated 
at colony formation density, and cultured in Dox-free 
medium (upper panels) or 100 ng/mL Dox (loWer panels). 
Right panel: SA-[3-gal staining of WtT cells cultured in 
Dox-free medium (upper) or 100 ng/mL Dox (loWer). (D) 
Left panel: Colony formation assay for WtT cells cultured 
for 8 days in 100 ng/mL Dox, then seeded in Dox free 
medium (upper Well) or 100 ng/mL Dox (loWer Well). Right 
panel: Colony formation assay of cells equivalent to those in 
the upper Well of the left panel (formerly Dox-treated, 
dormant WtT cells after extended culture in Dox-free 
medium). Cells Were seeded and harvested as in (A). (E) 
Morphology, GFP ?uorescence, and SA-[3-gal staining of 
WtT cells infected With Ras and cultured in normal medium 
(upper panels) or 100 ng/mL Dox (loWer panels). (P) West 
ern blot analysis of p53 and GFP expression in WtT cells 
infected With Ras. Cells Were cultured in 100 ng/mL Dox for 
various times prior to harvesting. 

[0043] FIG. 5 shoWs regulated p53 knockdoWn in tumors. 
(A) GFP and standard imaging of representative tumor 
bearing nude mice, With Dox treatment commencing at day 
0 (loWer panels). Untreated controls are shoWn (upper 
panels). (B) Representative tumor groWth curves for WtT 
Ras tumors in an untreated mouse (open squares), or a 
mouse treated for 10 days With Dox (?lled circles indicate 
Dox treatment) commencing at day 0. Each data point is the 
average volume of 2 tumors for a single mouse. Similar 
results Were obtained for 8 different WtT-Ras clones, With 
slightly differing kinetics. (C) Representative tumor groWth 
curves for WtT-ElA/Ras tumors in an untreated mouse 
(open squares), or a mouse treated for 7 days With Dox 
(?lled circles indicate Dox treatment) commencing at day 0. 
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Each data point is the average volume of 2 tumors for a 
single mouse. Insets show GFP status of a single tumor at 
various times. (D) Histological analysis of cell morphology 
and apoptosis in representative nude mouse tumors har 
vested from untreated mice or mice treated With Dox for 
several days. (E) Western blot analysis of p53 and GFP 
expression in representative WtT-Ras and WtT-E1A/Ras 
tumors harvested from untreated mice or mice treated With 
Dox for several days. Cultured WtT-Ras cells treated With 
Dox are shoWn as a control. 

[0044] FIG. 6 shoWs an siRNA northern blot of tissues 
isolated from animals of various genotypes, probed With a 
labelled oligonucleotide that hybridiZes to the p53.1224 
siRNA. The individual lanes are: M: Molecular Weight 
marker; 1: LAP-tTA liver; 2: LAP-tTA; TRE-1224 liver; 3: 
LAP-tTA; TRE-1224 liver after 4 days Doxycycline admin 
istration; 4: LAP-tTA spleen; 5: LAP-tTA; TRE-1224 
spleen; 6: LAP-tTA; TRE-1224 spleen after 4 days Doxy 
cycline administration; 7: Eu-myc; TRE-1224 mouse 4-1 
spleen; 8: Eu-myc; TRE-1224 mouse 6-4 spleen; 9: Eu-myc; 
Eu-tTA; TRE-1224 mouse #1 spleen; 10: Eu-myc; Eu-tTA; 
TRE-1224 mouse #2 spleen; 11: Eu-myc; Eu-tTA; TRE 
1224 mouse #1-2 spleen; 12 & 13: Spleen (12) and lymph 
node (13) from a tumor-bearing nude mouse recipient of 
Eu-myc lymphoma cells; 14 & 15: Spleen (14) and lymph 
node (15) from a tumor-bearing nude mouse recipient of 
Eu-myc; Eu-tTA; TRE-1224 lymphoma cells; 16 & 17: 
Spleen (16) and lymph node (17) from a tumor-bearing nude 
mouse recipient of Eu-myc; Eu-tTA; TRE-1224 lymphoma 
cells, after 14 days Doxycycline administration. 

DETAILED DESCRIPTION OF THE 
INVENTION 

I. OvervieW 

[0045] RNA interference (RNAi) is normally triggered by 
double stranded RNA (dsRNA) or endogenous microRNA 
precursors (pre-mRNAs). Since its discovery, RNAi has 
emerged as a poWerful genetic tool for suppressing gene 
expression in mammalian cells. Stable gene knockdown can 
be achieved by expression of synthetic short hairpin RNAs 
(shRNAs), traditionally from RNA polymerase III promot 
ers. 

[0046] The instant invention generally relates to the use of 
RNA Polymerase II promoters to express microRNA 
(mRNA) precursors and/or short hairpin RNAs (shRNAs), 
either in vitro, ex vivo, or in vivo, especially from as feW as 
one single stably integrated expression construct. The single 
expression construct may be stably transfected/ infected into 
a target cell, or may be a germline transgene. Transgenic 
animals With the subject RNAi constructs, Which may be 
regulated to express mishRNA in an inducible, reversible, 
and/or tissue-speci?c manner, can be used to establish 
valuable animal models for certain disease, such as those 
associated With loss-of-function of certain target genes. The 
ability to control both the timing (e.g., at certain develop 
mental stages) and location (e.g., tissue-speci?c) of target 
gene knock-doWn, including the ability to reverse the course 
of induction/inactivation, renders the subject system a poW 
erful tool to study gene function and disease progression. 
Such animal models or cells thereof may also be used for 
drug screening or validation. 

[0047] In certain embodiments, Pol II promoters controls 
the transcription of the subject mRNA/shRNA coding 
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sequence. In general, any Pol II compatible promoters may 
be used for the instant invention. 

[0048] In certain embodiments, various inducible Pol II 
promoters may be used to direct precursor mRNA/shRNA 
expression. Exemplary inducible Pol II promoters include 
the tightly regulatable Tet system (either TetOn or TetOFF), 
and a number of other inducible expression systems knoWn 
in the art and/or described herein. The tet systems alloWs 
incremental and reversible induction of precursor mRNA/ 
shRNA expression in vitro and in vivo, With no or minimal 
leakiness in precursor mRNA/shRNA expression. Such 
inducible system is advantages over the existing unidirec 
tional Cre-lox strategies. Other systems of inducible expres 
sion may also be used With the instant constructs and 
methods. 

[0049] In certain embodiments, expression of the subject 
mRNA/shRNA may be under the control of a tissue speci?c 
promoter, such as a promoter that is speci?c for: liver, 
pancreas (exocrine or endocrine portions), spleen, esopha 
gus, stomach, large or small intestine, colon, GI tract, heart, 
lung, kidney, thymus, parathyroid, pineal glan, pituitory 
gland, mammary gland, salivary gland, ovary, uterus, cervix 
(e.g., neck portion), prostate, testis, germ cell, ear, eye, 
brain, retina, cerebellum, cerebrum, PNS or CNS, placenta, 
adrenal cortex or medulla, skin, lymph node, muscle, fat, 
bone, cartilage, synovium, bone marroW, epithelial, endot 
helial, vescular, nervous tissues, etc. The tissue speci?c 
promoter may also be speci?c for certain disease tissues, 
such as cancers. See FukaZaWa et al., Cancer Research 64: 
363-369, 2004 (incorporated herein by reference). 

[0050] Any tissue speci?c promoters may be used in the 
instant invention. Merely to illustarte, Chen et al. (Nucleic 
Acid Research, Vol. 34, database issue, pages D104-D107, 
2006) described TiProD, the Tissue-speci?c Promoter Data 
base (incorporated herein by reference). Speci?cally, 
TiProD is a database of human promoter sequences for 
Which some functional features are knoWn. It alloWs a user 

to query individual promoters and the expression pattern 
they mediate, gene expression signatures of individual tis 
sues, and to retrieve sets of promoters according to their 
tissue-speci?c activity or according to individual Gene 
Ontology terms the corresponding genes are assigned to. 
The database have de?ned a measure for tissue-speci?city 
that alloWs the user to discriminate betWeen ubiquitously 
and speci?cally expressed genes. The database is accessible 
at tiprod.cbi.pku dot edu.cn:8080/index.html. It covers most 
(if not all) the tissues described above. 

[0051] In certain embodiments, if the reversibly inducible 
systems of the invention are used, the subject shRNAs are 
not designed to target the promoter regions of a target gene 
to avoid irreversible TGS. 

[0052] In certain embodiments, arti?cial mRNA con 
structs based on, for example, miR30 (microRNA 30), may 
be used to express precursor mRNA/shRNA from single/loW 
copy stable integration in cells in vivo, or through germline 
transmission in transgenic animals. For example, Silva et al. 
(Nature Genetics 37: 1281-88, 2005, incorporated herein by 
reference) have described extensive libraries of pri-miR-30 
based retroviral expression vectors that can be used to 
doWn-regulate almost all knoWn human (at least 28,000) and 
mouse (at least 25,000) genes (see RNAi Codex, a single 
database that curates publicly available RNAi resources, and 
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provides the most complete access to this growing resource, 
allowing investigators to see not only released clones but 
also those that are soon to be released, available at http:// 
codex.cshl dot edu). Although such libraries are driven by 
Pol III promoters, they can be easily converted to the subject 
Pol II-driven promoters (see Methods in Dickins et al., Nat. 
Genetics 37: 1289-95, 2005; also see page 1284 in Silva et 
al., Nat. Genetics 37: 1281-89, 2005). 

[0053] In certain embodiments, even a single copy of 
stably integrated precursor mRNA/shRNA construct results 
in effective knockdown of a target gene. 

[0054] In certain embodiments, the inducible Tet system, 
coupled With the loW-copy integration feature of invention, 
alloWs more ?exible screening applications, such as in 
screening for potentially lethal shRNAs or synthetic lethal 
shRNAs. 

[0055] In certain embodiments, the subject precursor 
mRNA cassette may be inserted Within a gene encoded by 
the subject vector. For example, the subject precursor 
mRNA coding sequence may be inserted With an intron, the 
5'- or 3'-UTR of a reporter gene such as GFP, etc. 

[0056] In certain embodiments, cultured cells, such as 
Wild type mouse ?broblasts or primary cells can be sWitched 
from proliferative to senescent states simply through regu 
lated knockdown of p53 using the subject constructs and 
methods. 

[0057] The constructs and methods of the invention is 
advantageous in several respects. 

[0058] In one respect, stable precursor mRNA/shRNA 
expression may be effected through retroviral or lentiviral 
delivery of the mRNA/shRNAs, Which is shoWn to be 
effective at single copy per cell. This alloWs very effective 
stable gene expression regulation at extremely loW copy 
number per cell (eg one per cell), thus vastly advantageous 
over systems requiring the introduction of a large copy 
number of constructs into the target cell by, for example, 
transient transfection. 

[0059] Compare to transfection Where there are multiple 
copies (such as multiple episomal copies) of the shRNA 
construct, and the LTR is active, the instant system is 
preferable for stable expression of the shRNA. 

[0060] Using the instant system, Applicants have discov 
ered rapid and coordinated entry into senescence upon 
re-establishment of Wild type p53 expression in p53 defec 
tive cells. Such an observation Would not have been possible 
using previous technologies. 
[0061] Another useful feature of the invention is that it is 
compatible With an established miR30 mRNA/shRNA 
library, Which contains designed mRNA/shRNA constructs 
targeting almost all human and mouse genes. Any speci?c 
member of the library can be readily cloned (such as by 
PCR) into the vectors of the instant invention for Pol 
II-driven regulated and stable expression. 

[0062] Other vector designs With different promoters have 
shoWn dependence on position of transcriptional start and 
stop sites. The subject method/system apparently has no 
such stringent requirements. 

[0063] Applicants have also discovered that promoter 
interference betWeen Pol II and Pol III promoters may 
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prevent ef?cient transcription of encoded shRNA, While the 
use of mRNA precursor has largely overcome this problem. 

[0064] Another aspect of the invention provides a method 
for drug target validation. The outcome of inhibiting the 
function of a gene, especially the associated effect in vivo, 
is usually hard to predict. Gene knock-out experiments offer 
valuable data for this purpose, but is expensive, time con 
suming, and potentially non-informative since many genes 
are required for normal development, such that loss-of 
function mutation in such genes causes embryonic lethality. 
Using the methods of the instant invention, especially the 
inducible expression regulation system of the invention, any 
potential drug target/candidate gene for therapeutic inter 
vention may be tested ?rst by selectively up- and/or doWn 
regulating their expression in vitro, ex vivo, or in vivo, and 
determining the effect of such regulated expression, espe 
cially in vivo effects on an organism. If disruption of the 
normal expression pattern of a candidate gene shoWs desired 
phenotypes in vitro and/or in vivo, the candidate gene is 
chosen as a target for therapeutic intervention. Various 
candidate compounds can then be screened to identify 
inhibitors or activators of such validated targets. 

[0065] Another aspect of the invention provides a method 
to determine the effect of coordinated expression regulation 
of tWo or more genes. For example, mRNA/shRNA con 
structs for tWo more target genes may be introduced into a 
target cell (e.g., by stable integration) or an organism (e.g., 
by viral vector infection or transgenic techniques), and their 
expression may be individually or coordinately regulated 
using the inducible and/or tissue speci?c or developmental 
speci?c promoters according to the instant invention. Since 
different inducible promoters are available, the expression of 
the tWo or more target genes may be regulated either in the 
same or opposite direction (e.g., both up- or doWn-regulat 
ing, or one up one doWn, etc.). Such experiments can 
provide useful information regarding, inter alia, genetic 
interaction betWeen related genes. 

[0066] In certain embodiments, the instant invention 
alloWs highly ef?cient knockdoWn of a target gene from a 
single (retroviral) integration event, thus providing a highly 
ef?cient means for certain screening applications. For 
example, the instant system and methods may be used to test 
potentially lethal mRNA/shRNAs or synthetic lethal 
mRNA/shRNAs. 

[0067] The invention also provide a method to treat certain 
cancer, especially those cancer overexpressing Ras pathWay 
genes (e.g., Ras itself) and having impaired p53 function, 
comprising introducing into such cells an active p53 gene or 
gene product to induce senescence and/or apoptosis, thereby 
killing the cancer cells, or at least inhibit cancer progression 
and/or groWth. 

[0068] The general feature of the invention having been 
described, the folloWing section provides certain illustrative 
aspects of the invention that may be combined in speci?c 
embodiments. Other similar or equivalent art-recognized 
methods may also be readily adapted for use in the instant 
invention. 

II. MicroRNA and RNAi Design 

[0069] DNA vectors that express perfect complementary 
short hairpins RNAs (shRNAs) are commonly used to 
generate functional siRNAs. HoWever, the e?icacy of gene 
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silencing mediated by different short-hairpin derived siR 
NAs may be inconsistent, and a substantial number of 
short-hairpin siRNA expression vectors can trigger an anti 
viral interferon response (Nature Genetics 34: 263, 2003). 
Moreover, siRNA short-hairpins are typically processed 
symmetrically, in that both the functional siRNA strand and 
its complement strand are incorporated into the RISC com 
plex. Entry of both strands into the RISC can decrease the 
e?iciency of the desired regulation and increase the number 
of off-target mRNAs that are in?uenced. In comparison, 
endogenous microRNA (mRNA) processing and maturation 
is a fairly e?icient process that is not expected to trigger an 
anti-viral interferon response. This process involves sequen 
tial steps that are speci?ed by the information contained in 
mRNA hairpin and its ?anking sequences. 

[0070] MicroRNAs (miRNAs) are endogenously encoded 
~22-nt-long RNAs that are generally expressed in a highly 
tissue- or developmental-stage-speci?c fashion and that 
post-transcriptionally regulate target genes. More than 200 
distinct mRNAs having been identi?ed in plants and ani 
mals, these small regulatory RNAs are believed to serve 
important biological functions by tWo prevailing modes of 
action: (1) by repressing the translation of target mRNAs, 
and (2) through RNA interference (RNAi), that is, cleavage 
and degradation of mRNAs. In the latter case, miRNAs 
function analogously to small interfering RNAs (siRNAs). 
Importantly, miRNAs are expressed in a highly tissue 
speci?c or developmentally regulated manner and this regu 
lation is likely key to their predicted roles in eukaryotic 
development and differentiation. Analysis of the normal role 
of mRNAs Will be facilitated by techniques that alloW the 
regulated over-expression or inappropriate expression of 
authentic mRNAs in vivo, Whereas the ability to regulate the 
expression of siRNAs Will greatly increase their utility both 
in cultured cells and in vivo. Thus one can design and 
express arti?cial microRNAs based on the features of exist 
ing microRNA genes, such as the gene encoding the human 
miR-30 microRNA. These miR30-based shRNAs have com 
plex folds, and, compared With simpler stem/loop style 
shRNAs, are more potent at inhibiting gene expression in 
transient assays. 

[0071] miRNAs are ?rst transcribed as part of a long, 
largely single-stranded primary transcript (Lee et al., EMBO 
J. 21: 4663-4670, 2002). This primary mRNA transcript is 
generally, and possibly invariably, synthesiZed by RNA 
polymerase II (pol II) and therefore is normally polyadeny 
lated and may be spliced. It contains an ~80-nt hairpin 
structure that encodes the mature 22-nt mRNA as part of one 
arm of the stem. In animal cells, this primary transcript is 
cleaved by a nuclear RNaseIII-type enZyme called Drosha 
(Lee et al., Nature 425: 415-419, 2003) to liberate a hairpin 
mRNA precursor, or pre-miRNA, of 65 nt, Which is then 
exported to the cytoplasm by exportin-5 and the GTP-bound 
form of the Ran cofactor (Yi et al., Genes Dev. 17: 3011 
3016, 2003). Once in the cytoplasm, the pre-miRNA is 
further processed by Dicer, another RNaseIII enZyme, to 
produce a duplex of 22 bp that is structurally identical to an 
siRNA duplex (Hutvagner et al., Science 293: 834-838, 
2001). The binding of protein components of the RNA 
induced silencing complex (RISC), or RISC cofactors, to the 
duplex results in incorporation of the mature, single 
stranded mRNA into a RISC or RISC-like protein complex, 
Whereas the other strand of the duplex is degraded (Bartel, 
Cell 116: 281-297, 2004). 
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[0072] The miR-30 architecture can be used to express 
mRNAs or siRNAs from pol II promoter-based expression 
plasmids. See also Zeng et al., Methods in Enzymology 392: 
371-380, 2005 (incorporated herein by reference). 

[0073] FIG. 2B of Zeng (supra) shoWs the predicted 
secondary structure of the miR-30 precursor hairpin (“the 
miR-30 cassette”). Boxed are extra nucleotides that Were 
added originally for subcloning purposes (Zeng and Cullen, 
RNA 9: 112-123, 2003; Zeng et al., Mal. Cell 9: 1327-1333, 
2002). They represent XhoI-BglII sites at the 50 end and 
BamHI-XhoI sites at the 30 end. These appended nucle 
otides extend the minimal miR-30 precursor stem shoWn by 
several basepairs, similar to the in vivo situation Where the 
primary miR-30 precursor is transcribed from its genomic 
locus (Lee et al., Nature 425: 415-419, 2003), and an 
extended stem of at least 5 bp is essential for e?icient 
miR-30 production. Based on the numbering in FIG. 2B, 
mature miR-30 is encoded by nucleotides 44 to 65 and 
anti-miR-30 by nucleotides 3 to 25 of this precursor. In the 
simplest expression setting, the cytomegalovirus (CMV) 
immediate early enhancer/promoter may be used to tran 
scribe the miR-30 cassette. The cassette is preceded by a 
leader sequence of approximately 100 nt and folloWed by 
approximately 170 nt before the polyadenylation site (Zeng 
et al., Mol. Cell 9: 1327-1333, 2002). These lengths are 
arbitrary and can be longer or shorter. Mature 22-nt miR-30 
can be made from such constructs. 

[0074] Several other authentic mRNAs have been over 
expressed by using analogous RNA pol II-based expression 
vectors or even pol III-dependent promoters (Chen et al., 
Science 303: 83-86, 2004; Zeng and Cullen, RNA 9: 112 
123, 2003). Expression simply requires the insertion of the 
entire predicted mRNA precursor stem-loop structure into 
the expression vector at an arbitrary location. Because the 
actual extent of the precursor stem loop can sometimes be 
di?icult to accurately predict, it is generally appropriate to 
include ~50 bp of ?anking sequence on each side of the 
predicted 80-nt mRNA stem-loop precursor to be sure that 
all cis-acting sequences necessary for accurate and e?icient 
Drosha processing are included (Chen et al., Science 303: 
83-86, 2004). 

[0075] In an exemplary embodiment, to make the miR-30 
expression cassette, the sequence from +1 to 65 (excluding 
the 15-nt terminal loop of the miR-30 cassette, FIG. 2B of 
Zeng) may be replaced as folloWs: the sequence from 
nucleotides 39 to 61, Which is perfectly complementary to a 
target gene sequence, Will act as the active strand during 
RNAi. The sequence from nucleotides 2 to 23 is thus 
designed to preserve the double-stranded stem in the miR 
30-target cassette, but nucleotide +1 is noW a C, to create a 
mismatch With nucleotide 61, a U, just like nucleotides 1 and 
65 in the miR-30 cassette (FIG. 2B). Because the 30 arm of 
the stem (miR-30-target) is the active component for RNAi, 
changes in the 50 arm of the stem Will not affect RNAi 
speci?city. A 2-nt bulge may be present in the stem region 
of the authentic miR-30 precursor (FIG. 2B of Zeng). A 
break in the helical nature of the RNA stem may help ward 
off nonspeci?c effects, such as induction of an interferon 
response (Bridge et al., Nat. Genet. 34: 263-264, 2003) in 
expressing cells. This may be Why mRNA precursors almost 
invariably contain bulges in the predicted stem. The miR-30 
cassette in FIG. 2A of Zeng is then substituted With the 
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miR-30-target cassette, and the resulting expression plasmid 
can be transfected into target cells. 

[0076] The use of pol II promoters, especially When 
coupled With an inducible expression system (such as the 
TetOFF system of Clontech) o?‘ers ?exibility in regulating 
the production of mRNAs in cultured cells or in vivo. 
Selection of stable cell lines leads to less leaky expression in 
the absence of the activator or presence of doxycycline, and 
therefore a stronger induction. 

[0077] In certain embodiments, it Would be advantageous 
if the antisense strand, for example, of the above miR-30 
target construct is preferentially made as a mature mRNA, 
because its opposite strand does not have any knoWn target. 
The relative basepairing stability at the 50 ends of an siRNA 
duplex is a strong determinant of Which strand Will be 
incorporated into RISC and hence be active in RNAi; the 
strand Who se 50 end has a Weaker hydrogen bonding pattern 
is preferentially incorporated into RISC, the RNAi e?‘ecter 
complex (Khvorova et al., Cell 115: 209-216, 2003; 
SchWarZ et al., Cell 115: 208-299, 2003). This same prin 
ciple can also be applied to the design of DNA vector-based 
siRNA expression strategies, including the one described 
here. HoWever, for arti?cial mRNAs, the fact that the 
internal cleavage sites by Drosha and Dicer cannot be 
precisely predicted at present adds a degree of uncertainty as 
a 1- or 2-nt shift in the cleavage site can generate rather 
different hydrogen bonding patterns at the 50 ends of the 
resulting duplex, thus changing Which strand of the duplex 
intermediate is incorporated into RISC. This is in contrast to 
the situation With synthetic siRNA duplexes, Which have 
de?ned ends. On the other hand, any minor heterogeneity at 
the ends of an arti?cial mRNA duplex intermediate might 
not be a problem, as the mRNAs Would still be perfectly 
complementary to their target. 

[0078] The role of internal loop, stem length, and the 
surrounding sequences on the expression of mRNAs from 
miR-30-derived cassettes may also be systematically exam 
ined to optimiZe expression of the miR-based shRNA. Such 
analyses may suggest design elements that Would maximiZe 
the yield of the intended RNA products. On the other hand, 
some heterogeneity could be inevitable. In addition to the 
50-end rule, speci?c residues at some positions Within an 
siRNA may also enhance siRNA function (Reynolds et al., 
Nat. Biotech. 22: 326-330, 2004). 

[0079] In general, picking a target region With more than 
50% AU content and designing a Weak 50 end base pair on 
the antisense strand Would be a good starting point in the 
design of any arti?cial mRNA/siRNA expression plasmid 
(Khvorova et al., Cell 115: 209-216, 2003; Reynolds et al., 
Nat. Biotech. 22: 326-330, 2004; SchWarZ et al., Cell 115: 
208-299, 2003). 

[0080] In certain embodiments, expression of the miR-30 
cassette may be in the antisense orientation, especially When 
the cassette is to be used in lentiviral or retroviral vectors. 
This is partly because mRNA processing may result in the 
degradation of the remainder of the primary mRNA tran 
script. 

[0081] In other embodiments, vectors may contain inserts 
expressing more than one mRNAs. In such constructs, the 
fact that each mRNA stem-loop precursor is independently 
excised from the primary transcript by Drosha cleavage to 
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give rise to a pre-miRNA alloWs simultaneous expression of 
several arti?cial or authentic mRNAs by a tandem array on 
a precursor RNA transcript. 

[0082] Genome Wide libraries of shRNAs based on the 
miR30 precursor RNA have also been generated. Each 
member of such libraries target speci?c human or mouse 
genes, and may be readily converted to the vectors/expres 
sion systems of the instant invention. The folloWing section 
describes the design of such libraries. 

[0083] Paddison et al. (Nature Methods 1(2): 163-67, 
2004, incorporated herein by reference) have described a 
genome-Wise library of shRNAs based on the miR30 pre 
cursor RNA, Which may be adapted for use in the instant 
invention. The described vector pSHAG-MAGIC2 (pSM2) 
is roughly equivalent to pSHAG-MAGICl as described in 
Paddison et al. Methods Mol. Biol. 265: 85-100 (2004), 
incorporated herein by reference. The feW notable excep 
tions include: the neW cloning strategy is based on the use 
of a single oligonucleotide that contains the hairpin and 
common 5' and 3' ends as a PCR template (see FIG. 2 of 
Paddison, Nature Methods 1(2): 163-67, 2004). The result 
ing PCR product is then cloned into the hairpin cloning site 
of the pSM2 vector, Which drives miR-30-styled hairpins by 
the human U6 promoter. Inserts from this library may be 
excised (see Example beloW) and cloned into the instant 
vectors for Pol II-driven expression of the same miR-30 
styled hairpins. This alloWs the instant methods to be 
coupled With the existing library of miR-30-style constructs 
that contains most human and mouse genes. 

[0084] Paddison also describes the detailed methods for 
designing 22-nucleotide sequences (targeting a target gene) 
that can be inserted into the precursor mRNA, PCR proto 
cols for ampli?cation, and relevant critical steps and trouble 
shootings, etc. (all incorporated herein by reference). 

[0085] MicroRNAs (including the siRNA products and 
arti?cial microRNAs as Well as endogenous microRNAs) 
have potential for use as therapeutics as Well as research 
tools, e. g. analyzing gene function. As a general method, the 
mature microRNA (miR) of the invention, especially those 
non-miR-30 based microRNA constructs of the invention 
may also be produced according to the folloWing descrip 
tion. 

[0086] In certain embodiments, the methods for e?icient 
expression of microRNA involve the use of a precursor 
microRNA molecule having a microRNA sequence in the 
context of microRNA ?anking sequences. The precursor 
microRNA is composed of any type of nucleic acid based 
molecule capable of accommodating the microRNA ?ank 
ing sequences and the microRNA sequence. Examples of 
precursor microRNAs and the individual components of the 
precursor (?anking sequences and microRNA sequence) are 
provided herein. The invention, hoWever, is not limited to 
the examples provided. The invention is based, at least in 
part, on the discovery of an important component of pre 
cursor microRNAs, that is, the microRNA ?anking 
sequences. The nucleotide sequence of the precursor and its 
components may vary Widely. 

[0087] In one aspect a precursor microRNA molecule is an 
isolated nucleic acid including microRNA ?anking 
sequences and having a stem-loop structure With a 
microRNA sequence incorporated therein. An “isolated mol 
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ecule” is a molecule that is free of other substances With 
Which it is ordinarily found in nature or in vivo systems to 
an extent practical and appropriate for its intended use. In 
particular, the molecular species are su?iciently free from 
other biological constituents of host cells or if they are 
expressed in host cells they are free of the form or context 
in Which they are ordinarily found in nature. For instance, a 
nucleic acid encoding a precursor microRNA having 
homologous microRNA sequences and ?anking sequences 
may ordinarily be found in a host cell in the context of the 
host cell genomic DNA. An isolated nucleic acid encoding 
a microRNA precursor may be delivered to a host cell, but 
is not found in the same context of the host genomic DNA 
as the natural system. Alternatively, an isolated nucleic acid 
is removed from the host cell or present in a host cell that 
does not ordinarily have such a nucleic acid sequence. 
Because an isolated molecular species of the invention may 
be admixed With a pharmaceutically-acceptable carrier in a 
pharmaceutical preparation or delivered to a host cell, the 
molecular species may comprise only a small percentage by 
Weight of the preparation or cell. The molecular species is 
nonetheless isolated in that it has been substantially sepa 
rated from the substances With Which it may be associated in 
living systems. 

[0088] An “isolated precursor microRNA molecule” is 
one Which is produced from a vector having a nucleic acid 
encoding the precursor microRNA. Thus, the precursor 
microRNA produced from the vector may be in a host cell 
or removed from a host cell. The isolated precursor 
microRNA may be found Within a host cell that is capable 
of expressing the same precursor. It is nonetheless isolated 
in that it is produced from a vector and, thus, is present in 
the cell in a greater amount than Would ordinarily be 
expressed in such a cell. 

[0089] The term “nucleic acid” is used to mean multiple 
nucleotides (i.e. molecules comprising a sugar (e.g. ribose or 
deoxyribose) linked to a phosphate group and to an 
exchangeable organic base, Which is either a substituted 
pyrimidine (e. g. cytosine (C), thymidine (T) or uracil (U )) or 
a substituted purine (e.g. adenine (A) or guanine (G)). The 
term shall also include polynucleosides (i.e. a polynucle 
otide minus the phosphate) and any other organic base 
containing polymer. Purines and pyrimidines include but are 
not limited to adenine, cytosine, guanine, thymidine, 
inosine, 5-methylcytosine, 2-aminopurine, 2-amino-6-chlo 
ropurine, 2,6-diaminopurine, hypoxanthine, and other natu 
rally and non-naturally occurring nucleobases, substituted 
and unsubstituted aromatic moieties. Other such modi?ca 
tions are Well knoWn to those of skill in the art. Thus, the 
term nucleic acid also encompasses nucleic acids With 
substitutions or modi?cations, such as in the bases and/or 
sugars. 

[0090] “MicroRNA ?anking sequence” as used herein 
refers to nucleotide sequences including microRNA process 
ing elements. MicroRNA processing elements are the mini 
mal nucleic acid sequences Which contribute to the produc 
tion of mature microRNA from precursor microRNA. Often 
these elements are located Within a 40 nucleotide sequence 
that ?anks a microRNA stem-loop structure. In some 
instances the microRNA processing elements are found 
Within a stretch of nucleotide sequences of betWeen 5 and 
4,000 nucleotides in length that ?ank a microRNA stem 
loop structure. 
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[0091] Thus, in some embodiments the ?anking sequences 
are 5-4,000 nucleotides in length. As a result, the length of 
the precursor molecule may be, in some instances at least 
about 150 nucleotides or 270 nucleotides in length. The total 
length of the precursor molecule, hoWever, may be greater or 
less than these values. In other embodiments the minimal 
length of the microRNA ?anking sequence is 10, 20, 30, 40, 
50, 60, 70, 80, 90, 100, 150, 200 and any integer there 
betWeen. In other embodiments the maximal length of the 
microRNA ?anking sequence is 2,000, 2,100, 2,200, 2,300, 
2,400, 2,500, 2,600, 2,700, 2,800, 2,900, 3,000, 3,100, 
3,200, 3,300, 3,400, 3,500, 3,600, 3,700, 3,800, 3,900 4,000 
and any integer there betWeen. 

[0092] The microRNA ?anking sequences may be native 
microRNA ?anking sequences or arti?cial microRNA ?ank 
ing sequences. A native microRNA ?anking sequence is a 
nucleotide sequence that is ordinarily associated in naturally 
existing systems With microRNA sequences, i.e., these 
sequences are found Within the genomic sequences sur 
rounding the minimal microRNA hairpin in vivo. Arti?cial 
microRNA ?anking sequences are nucleotides sequences 
that are not found to be ?anking to microRNA sequences in 
naturally existing systems. The arti?cial microRNA ?anking 
sequences may be ?anking sequences found naturally in the 
context of other microRNA sequences. Alternatively they 
may be composed of minimal microRNA processing ele 
ments Which are found Within naturally occurring ?anking 
sequences and inserted into other random nucleic acid 
sequences that do not naturally occur as ?anking sequences 
or only partially occur as natural ?anking sequences. 

[0093] The microRNA ?anking sequences Within the pre 
cursor microRNA molecule may ?ank one or both sides of 
the stem-loop structure encompassing the microRNA 
sequence. Thus, one end (i.e., 5') of the stem-loop structure 
may be adjacent to a single ?anking sequence and the other 
end (i.e., 3') of the stem-loop structure may not be adjacent 
to a ?anking sequence. Preferred structures have ?anking 
sequences on both ends of the stem-loop structure. The 
?anking sequences may be directly adjacent to one or both 
ends of the stem-loop structure or may be connected to the 
stem-loop structure through a linker, additional nucleotides 
or other molecules. 

[0094] A “stem-loop structure” refers to a nucleic acid 
having a secondary structure that includes a region of 
nucleotides Which are knoWn or predicted to form a double 
strand (stem portion) that is linked on one side by a region 
of predominantly single-stranded nucleotides (loop portion). 
The terms “hairpin” and “fold-back” structures are also used 
herein to refer to stem-loop structures. Such structures are 
Well knoWn in the art and the term is used consistently With 
its knoWn meaning in the art. The actual primary sequence 
of nucleotides Within the stem-loop structure is not critical 
to the practice of the invention as long as the secondary 
structure is present. As is knoWn in the art, the secondary 
structure does not require exact base-pairing. Thus, the stem 
may include one or more base mismatches. Alternatively, the 
base-pairing may be exact, i.e. not include any mismatches. 

[0095] In some instances the precursor microRNA mol 
ecule may include more than one stem-loop structure. The 
multiple stem-loop structures may be linked to one another 
through a linker, such as, for example, a nucleic acid linker 
or by a microRNA ?anking sequence or other molecule or 
some combination thereof. 
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[0096] In an alternative embodiment, useful interfering 
RNAs can be designed With a number of software programs, 
e.g., the OligoEngine siRNA design tool available at WWv.o 
lioengine.com. The siRNAs of this invention may range 
about, e.g., 19-29 basepairs in length for the double-stranded 
portion. In some embodiments, the siRNAs are hairpin 
RNAs having an about 19-29 bp stem and an about 4-34 
nucleotide loop. Preferred siRNAs are highly speci?c for a 
region of the target gene and may comprise any about 19-29 
bp fragment of a target gene mRNA that has at least one, 
preferably at least tWo or three, bp mismatch With a non 
target gene-related sequence. In some embodiments, the 
preferred siRNAs do not bind to RNAs having more than 3 
mismatches With the target region. 

III. Expression Vectors and Host Cells 

[0097] The invention also includes vectors for producing 
precursor microRNA molecules. Generally these vectors 
include a sequence encoding a precursor microRNA and (in 
vivo) expression elements. The expression elements include 
at least one promoter, such as a Pol II promoter, Which may 
direct the expression of the operably linked microRNA 
precursor (eg the shRNA encoding sequence). The vector 
or primary transcript is ?rst processed to produce the stem 
loop precursor molecule. The stem-loop precursor is then 
processed to produce the mature microRNA. 

[0098] RNA polymerase III (Pol III) transcription units 
normally encode the small nuclear RNA U6 (see Tran et al., 
BMC Biotechnology 3: 21, 2003, incorporate herein by 
reference), or the human RNAse P RNA Hi. HoWever, RNA 
polymerase II (Pol II) transcription units (e.g., units con 
taining a CMV promoter) is preferred for use With inducible 
expression. It Will be appreciated that in the vectors of the 
invention, the subject shRNA encoding sequence may be 
operably linked to a variety of other promoters. 

[0099] In some embodiments, the promoter is a type II 
tRNA promoter such as the tRNAVa promoter and the 
tRNAmet promoter. These promoters may also be modi?ed 
to increase promoter activity. In addition, enhancers can be 
placed near the promoter to enhance promoter activity. Pol 
II enhancer may also be used for Pol III promoters. For 
example, an enhancer from the CMV promoter can be 
placed near the U6 promoter to enhance U6 promoter 
activity @(ia et al., Nuc Acids Res 31, 2003). 

[0100] In certain embodiments, the subject Pol II promot 
ers are inducible promoters. Exemplary inducible Pol II 
systems are available from Invitrogen, e.g., the 
GeneSWitchTM or T-RExTM systems; from Clontech (Palo 
Alto, Calif.), e.g., the TetON and TetOFF systems. 

[0101] An exemplary Tet-responsive promoter is 
described in WO 04/056964A2 (incorporated herein by 
reference). See, for example, FIG. 1 of WO 04/056964A2. 
In one construct, a Tet operator sequence (TetOp) is inserted 
into the promoter region of the vector. TetOp is preferably 
inserted betWeen the PSE and the transcription initiation 
site, upstream or doWnstream from the TATA box. In some 
embodiments, the TetOp is immediately adjacent to the 
TATA box. The expression of the subject shRNA encoding 
sequence is thus under the control of tetracycline (or its 
derivative doxycycline, or any other tetracycline analogue). 
Addition of tetracycline or Dox relieves repression of the 
promoter by a tetracycline repressor that the host cells are 
also engineered to express. 
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[0102] In the TetOFF system, a different tet transactivator 
protein is expressed in the tetOFF host cell. The di?‘erence 
is that Tet/Dox, When bind to an activator protein, is noW 
required for transcriptional activation. Thus such host cells 
expressing the activator Will only activate the transcription 
of an shRNA encoding sequence from a TetOFF promoter at 
the presence of Tet or Dox. 

[0103] An alternative inducible promoter is a lac operator 
system, as illustrated in FIG. 2A of WO 04/056964 A2 
(incorporated by reference). Brie?y, a Lac operator sequence 
(LacO) is inserted into the promoter region. The LacO is 
preferably inserted betWeen the PSE and the transcription 
initiation site, upstream or doWnstream of the TATA box. In 
some embodiments, the LacO is immediately adjacent to the 
TATA box. The expression of the RNAi molecule (shRNA 
encoding sequence) is thus under the control of IPTG (or any 
analogue thereof). Addition of IPTG relieves repression of 
the promoter by a Lac repressor (i.e., the LacI protein) that 
the host cells are also engineered to express. Since the Lac 
repressor is derived from bacteria, its coding sequence may 
be optionally modi?ed to adapt to the codon usage by 
mammalian transcriptional systems and to prevent methy 
lation. In some embodiments, the host cells comprise (i) a 
?rst expression construct containing a gene encoding a Lac 
repressor operably linked to a ?rst promoter, such as any 
tissue or cell type speci?c promoter or any general promoter, 
and (ii) a second expression construct containing the 
dsRNA-coding sequence operably linked to a second pro 
moter that is regulated by the Lac repressor and IPTG. 
Administration of IPTG results in expression of dsRNA in a 
manner dictated by the tissue speci?city of the ?rst pro 
moter. 

[0104] Yet another inducible system, a LoxP-stop-LoxP 
system, is illustrated in FIGS. 3A-3E of WO 04/056964 A2 
(incorporated by reference). The RNAi vector of this system 
contains a LoxP-Stop-LoxP cassette before the hairpin or 
Within the loop of the hairpin. Any suitable stop sequence for 
the promoter can be used in the cassette. One version of the 
LoxP Stop-LoxP system for Pol II is described in, e.g., 
Wagner et al., Nucleic Acids Research 25:4323-4330, 1997. 
The “Stop” sequences (such as the one described in Wagner, 
sierra, or a run of ?ve or more T nucleotides) in the cassette 
prevent the RNA polymerase III from extending an RNA 
transcript beyond the cassette. Upon introduction of a Cre 
recombinase, hoWever, the LoxP sites in the cassette recom 
bine, removing the Stop sequences and leaving a single 
LoxP site. Removal of the Stop sequences alloWs transcrip 
tion to proceed through the hairpin sequence, producing a 
transcript that can be e?iciently processed into an open 
ended, interfering dsRNA. Thus, expression of the RNAi 
molecule is induced by addition of Cre. 

[0105] In some embodiments, the host cells contain a 
Cre-encoding transgene under the control of a constitutive, 
tissue-speci?c promoter. As a result, the interfering RNA can 
only be inducibly expressed in a tissue-speci?c manner 
dictated by that promoter. Tissue-speci?c promoters that can 
be used include, Without limitation: a tyrosinase promoter or 
a TRP2 promoter in the case of melanoma cells and mel 
anocytes; an MMTV or WAP promoter in the case of breast 
cells and/or cancers; a Villin or FABP promoter in the case 
of intestinal cells and/or cancers; a RIP promoter in the case 
of pancreatic beta cells; a Keratin promoter in the case of 
keratinocytes; a Probasin promoter in the case of prostatic 
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epithelium; a Nestin or GFAP promoter in the case of CNS 
cells and/or cancers; a Tyrosine Hydroxylase, S100 pro 
moter or neuro?lament promoter in the case of neurons; the 
pancreas-speci?c promoter described in Edlund et al., Sci 
ence 230: 912-916, 1985; a Clara cell secretory protein 
promoter in the case of lung cancer; and an Alpha myosin 
promoter in the case of cardiac cells. 

[0106] Cre expression also can be controlled in a temporal 
manner, e.g., by using an inducible promoter, or a promoter 
that is temporally restricted during development such as 
Pax3 or Protein 0 (neural crest), Hoxal (?oorplate and 
notochord), Hoxb6 (extraembryonic mesoderm, lateral plate 
and limb mesoderm and midbrain-hindbrain junction), Nes 
tin (neuronal lineage), GFAP (astrocyte lineage), Lck 
(immature thymocytes). Temporal control also can be 
achieved by using an inducible form of Cre. For example, 
one can use a small molecule controllable Cre fusion, for 
example a fusion of the Cre protein and the estrogen receptor 
(ER) or With the progesterone receptor (PR). Tamoxifen or 
RU486 alloW the Cre-ER or Cre-PR fusion, respectively, to 
enter the nucleus and recombine the LoxP sites, removing 
the LoxP Stop cassette. Mutated versions of either receptor 
may also be used. For example, a mutant Cre-PR fusion 
protein may bind RU486 but not progesterone. Other exem 
plary Cre fusions are a fusion of the Cre protein and the 
glucocorticoid receptor (GR). Natural GR ligands include 
corticosterone, cortisol, and aldosterone. Mutant versions of 
the GR receptor, Which respond to, e.g., dexamethasone, 
triamcinolone acetonide, and/or RU38486, may also be 
fused to the Cre protein. 

[0107] In certain embodiments, additional transcription 
units may be present 3' to the shRNA portion. For example, 
an internal ribosomal entry site (IRES) may be positioned 
doWnstream of the shRNA insert, the transcription of Which 
is under the control of a second promoter, such as the PGK 
promoter. The IRES sequence may be used to direct the 
expression of a operably linked second gene, such as a 
reporter gene (e.g., a ?uorescent protein such as GFP, BFP, 
YFP, etc., an enZyme such as luciferase (Promega), etc.). 
The reporter gene may serve as an indication of infection/ 
transfection, and the ef?ciency and/or amount of mRNA 
transcription of the shRNA-IRES-reporter cassette/insert. 
Optionally, one or more selectable markers (such as puro 
mycin resistance gene, neomycin resistance gene, hygromy 
cin resistance gene, Zeocin resistance gene, etc.) may also be 
present on the same vector, and are under the transcriptional 
control of the second promoter. Such markers may be useful 
for selecting stable integration of the vector into a host cell 
genome. 

[0108] Certain exemplary vectors useful for expressing 
the precursor microRNAs are shoWn in the examples. Thus 
the invention encompasses the nucleotide sequence of such 
vectors as Well as variants thereof. 

[0109] In general, variants typically Will share at least 
40% nucleotide identity With any of the described vectors, in 
some instances, Will share at least 50% nucleotide identity; 
and in still other instances, Will share at least 60% nucleotide 
identity. The preferred variants have at least 70% sequence 
homology. More preferably the preferred variants have at 
least 80% and, most preferably, at least 90% sequence 
homology to the described sequences. 

[0110] Variants With high percentage sequence homology 
can be identi?ed, for example, using stringent hybridization 
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conditions. The term “stringent conditions”, as used herein, 
refers to parameters With Which the art is familiar. More 
speci?cally, stringent conditions, as used herein, refer to 
hybridiZation at 65° C. in hybridiZation bulfer (3.5><SSC, 
0.02% Ficoll, 0.02% polyvinyl pyrolidone, 0.02% bovine 
serum albumin, 2.5 mM NaH2PO4 (pH 7), 0.5% SDS, 2 mM 
EDTA). SSC is 0.15M sodium chloride/0.15M sodium cit 
rate, pH 7; SDS is sodium dodecyl sulphate; and EDTA is 
ethylenediaminetetraacetic acid. After hybridiZation, the 
membrane to Which the DNA is transferred is Washed at 
2><SSC at room temperature and then at 0.1><SSC/0.1><SDS 
at 650 C. There are other conditions, reagents, and so forth 
Which can be used, Which result in a similar degree of 
stringency. Such variants may be further subject to func 
tional testing such that variants that substantially preserve 
the desired/relevant function of the original vectors are 
selected/identi?ed. 

[0111] The “in vivo expression elements” are any regula 
tory nucleotide sequence, such as a promoter sequence or 
promoter-enhancer combination, Which facilitates the effi 
cient expression of the nucleic acid to produce the precursor 
microRNA. The in vivo expression element may, for 
example, be a mammalian or viral promoter, such as a 
constitutive or inducible promoter or a tissue speci?c pro 
moter. Constitutive mammalian promoters include, but are 
not limited to, polymerase II promoters as Well as the 
promoters for the folloWing genes: hypoxanthine phospho 
ribosyl transferase (HPTR), adenosine deaminase, pyruvate 
kinase, and [3-actin. Exemplary viral promoters Which func 
tion constitutively in eukaryotic cells include, for example, 
promoters from the simian virus, papilloma virus, adenovi 
rus, human immunode?ciency virus (HIV), Rous sarcoma 
virus, cytomegalovirus, the long terminal repeats (LTR) of 
moloney leukemia virus and other retroviruses, and the 
thymidine kinase promoter of herpes simplex virus. Other 
constitutive promoters are knoWn to those of ordinary skill 
in the art. The promoters useful as in vivo expression 
element of the invention also include inducible promoters. 
Inducible promoters are expressed in the presence of an 
inducing agent. For example, the metallothionein promoter 
is induced to promote transcription in the presence of certain 
metal ions. Other inducible promoters are knoWn to those of 
ordinary skill in the art. 

[0112] One useful inducible expression system that can be 
adapted for use in the instant invention is the Tet-responsive 
system, including both the TetON and TetOFF embodi 
ments. 

[0113] TetOn system is a commercially available induc 
ible expression system from Clontech Inc. This is of par 
ticular interest because current siRNA expression systems 
utiliZe pol III promoters, Which are dif?cult to adapt for 
inducible expression. The Clontech TetON system includes 
the pRev-TRE vector, Which can be packaged into retrovirus 
and used to infect a Tet-On cell line expressing the reverse 
tetracycline-controlled transactivator (rtTA). Once intro 
duced into the TetON host cell, the shRNA insert can then 
be inducibly expressed in response to varying concentrations 
of the tetracycline derivate doxycycline (Dox). 

[0114] In general, the in vivo expression element shall 
include, as necessary, 5' non-transcribing and 5' non-trans 
lating sequences involved With the initiation of transcription. 
They optionally include enhancer sequences or upstream 
activator sequences as desired. 
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[0115] Vectors include, but are not limited to, plasmids, 
phagemids, viruses, other vehicles derived from viral or 
bacterial sources that have been manipulated by the insertion 
or incorporation of the nucleic acid sequences for producing 
the precursor microRNA, and free nucleic acid fragments 
Which can be attached to these nucleic acid sequences. V1ral 
and retroviral vectors are a preferred type of vector and 
include, but are not limited to, nucleic acid sequences from 
the following viruses: retroviruses, such as: Moloney murine 
leukemia virus; Murine stem cell virus, Harvey murine 
sarcoma virus; murine mammary tumor virus; Rous sarcoma 
virus; adenovirus; adeno-associated virus; SV40-type 
viruses; polyoma viruses; Epstein-Barr viruses; papilloma 
viruses; herpes viruses; vaccinia viruses; polio viruses; 
lentiviruses; and RNA viruses such as any retrovirus. One 
can readily employ other unnamed vectors knoWn in the art. 

[0116] Viral vectors are generally based on non-cytopathic 
eukaryotic viruses in Which non-essential genes have been 
replaced With the nucleic acid sequence of interest. Non 
cytopathic viruses include retroviruses, the life cycle of 
Which involves reverse transcription of genomic viral RNA 
into DNA With subsequent proviral integration into host 
cellular DNA. Retroviruses have been approved for human 
gene therapy trials. Genetically altered retroviral expression 
vectors have general utility for the high-efficiency transduc 
tion of nucleic acids in vivo. Standard protocols for produc 
ing replication-de?cient retroviruses (including the steps of 
incorporation of exogenous genetic material into a plasmid, 
transfection of a packaging cell lined With plasmid, produc 
tion of recombinant retroviruses by the packaging cell line, 
collection of viral particles from tissue culture media, and 
infection of the target cells With viral particles) are provided 
in Kriegler, M., “Gene Transfer and Expression, A Labora 
tory Manual,” W.H. Freeman Co., NeW York (1990) and 
Murry, E. J. Ed. “Methods in Molecular Biology,” vol. 7, 
Humana Press, Inc., Clilfton, N]. (1991). 

[0117] Exemplary vectors are disclosed herein and in US 
2005/0075492 A2 (incorporated herein by reference) and 
WO 04/056964 A2 (incorporated herein by reference). 

[0118] The invention also encompasses host cells trans 
fected With the subject vectors, especially host cell lines With 
stably integrated shRNA constructs. In certain embodi 
ments, the subject host cell contains only a single copy of the 
integrated construct expressing the desired shRNA (option 
ally under the control of an inducible and/or tissue speci?c 
promoter). Host cells include for instance, cells (such as 
primary cells) and cell lines, e.g. prokaryotic (e.g., E. coli), 
and eukaryotic (e.g., dendritic cells, CHO cells, COS cells, 
yeast expression systems and recombinant baculovirus 
expression in insect cells, etc.). Exemplary cells include: 
NIH3T3 cells, MEFs, 293 or 293T cells, CHO cells, hemato 
poietic stem/progenitor cells, cancer cells, etc. 

IV. Methods of Using 

[0119] In certain aspects, methods of the invention com 
prise contacting and introducing into a target cell With a 
subject vector capable of expressing a precursor microRNA 
as described herein, to regulate the expression of a target 
gene in the cell. The vector produces the microRNA tran 
script, Which is then processed into precursor microRNA in 
the cell, Which is then processed to produce the mature 
functional microRNA Which is capable of altering accumu 
lation of a target protein in the target cell. Accumulation of 
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the protein may be effected in a number of different Ways. 
For instance the microRNA may directly or indirectly affect 
translation or may result in cleavage of the mRNA transcript 
or even effect stability of the protein being translated from 
the target mRNA. MicroRNA may function through a num 
ber of different mechanisms. The methods and products of 
the invention are not limited to any one mechanism. The 
method may be performed in vitro, e.g., for studying gene 
function, ex vivo or in vivo, eg for therapeutic purposes. 

[0120] An “ex vivo” method as used herein is a method 
Which involves isolation of a cell from a subject, manipu 
lation of the cell outside of the body, and reimplantation of 
the manipulated cell into the subject. The ex vivo procedure 
may be used on autologous or heterologous cells, but is 
preferably used on autologous cells. In preferred embodi 
ments, the ex vivo method is performed on cells that are 
isolated from bodily ?uids such as peripheral blood or bone 
marroW, but may be isolated from any source of cells. When 
returned to the subject, the manipulated cell Will be pro 
grammed for cell death or division, depending on the 
treatment to Which it Was exposed. Ex vivo manipulation of 
cells has been described in several references in the art, 
including Engleman, E. G., 1997, Cytotechnology, 25:1; Van 
Schooten, W., et al., 1997, Molecular Medicine Today, June, 
255; Steinman, R. M., 1996, Experimental Hematology, 24, 
849; and Gluckman, J. C., 1997, Cytokines, Cellular and 
Molecular Therapy, 3: 187. The ex vivo activation of cells of 
the invention may be performed by routine ex vivo manipu 
lation steps knoWn in the art. In vivo methods are also Well 
knoWn in the art. The invention thus is useful for therapeutic 
purposes and also is useful for research purposes such as 
testing in animal or in vitro models of medical, physiological 
or metabolic pathWays or conditions. 

[0121] The ex vivo and in vivo methods are performed on 
a subject. A “subject” shall mean a human or non-human 
mammal, including but not limited to, a dog, cat, horse, coW, 
pig, sheep, goat, primate, rat, and mouse, etc. 

[0122] In some instances the mature microRNA is 
expressed at a level sufficient to cause at least a 2-fold, or in 
some instances, a 10 fold reduction in accumulation of the 
target protein. The level of accumulation of a target protein 
may be assessed using routine methods knoWn to those of 
skill in the art. For instance, protein may be isolated from a 
target cell and quantitated using Western blot analysis or 
other comparable methodologies, optionally in comparison 
to a control. Protein levels may also be assessed using 
reporter systems or ?uorescently labeled antibodies. In other 
embodiments, the mature microRNA is expressed at a level 
suf?cient to cause at least a 2, 5, 15, 20, 25, 30, 35, 40, 45, 
50, 55, 60, 65, 70, 75, or 100 fold reduction in accumulation 
of the target protein. The “fold reduction” may be assessed 
using any parameter for assessing a quantitative value of 
protein expression. For instance, a quantitative value can be 
determined using a label i.e. ?uorescent, radioactive linked 
to an antibody. The value is a relative value that is compared 
to a control or a knoWn value. 

[0123] Different microRNA sequences have different lev 
els of expression of mature microRNA and thus have 
different effects on target mRNA and/or protein expression. 
For instance, in some cases a microRNA may be expressed 
at a high level and may be very e?icient such that the 
accumulation of the target protein is completely or near 
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completely blocked. In other instances the accumulation of 
the target protein may be only reduced slightly over the level 
that Would ordinarily be expressed in that cell at that time 
under those conditions in the absence of the mature 
microRNA. Complete inhibition of the accumulation of the 
target protein is not essential, for example, for therapeutic 
purposes. In many cases partial or loW inhibition of accu 
mulation may produce a preferred phenotype. The actual 
amount that is useful Will depend on the particular cell type, 
the stage of differentiation, conditions to Which the cell is 
exposed, the modulation of other target proteins, etc. 

[0124] The microRNAs may be used to knock doWn gene 
expression in vertebrate cells for gene-function studies, 
including target-validation studies during the development 
of neW pharmaceuticals, as Well as the development of 
human disease models and therapies, and ultimately, human 
gene therapies. 

[0125] The methods of the invention are useful for treating 
any type of “disease”, “disorder” or “condition” in Which it 
is desirable to reduce the expression or accumulation of a 
particular target protein(s). Diseases include, for instance, 
but are not limited to, cancer, infectious disease, cystic 
?brosis, blood disorders, including leukemia and lymphoma, 
spinal muscular dystrophy, early-onset Parkinsonism (Wais 
man syndrome) and X-linked mental retardation (MRX3). 

[0126] Cancers include but are not limited to biliary tract 
cancer; bladder cancer; breast cancer; brain cancer including 
glioblastomas and medulloblastomas; cervical cancer; cho 
riocarcinoma; colon cancer including colorectal carcinomas; 
endometrial cancer; esophageal cancer; gastric cancer; head 
and neck cancer; hematological neoplasms including acute 
lymphocytic and myelogenous leukemia, multiple myeloma, 
AIDS-associated leukemias and adult T-cell leukemia lym 
phoma; intraepithelial neoplasms including BoWen’s disease 
and Paget’s disease; liver cancer; lung cancer including 
small cell lung cancer and non-small cell lung cancer; 
lymphomas including Hodgkin’s disease and lymphocytic 
lymphomas; neuroblastomas; oral cancer including squa 
mous cell carcinoma; osteosarcomas; ovarian cancer includ 
ing those arising from epithelial cells, stromal cells, germ 
cells and mesenchymal cells; pancreatic cancer; prostate 
cancer; rectal cancer; sarcomas including leiomyosarcoma, 
rhabdomyosarcoma, liposarcoma, ?brosarcoma, synovial 
sarcoma and osteosarcoma; skin cancer including melano 
mas, Kaposi’s sarcoma, basocellular cancer, and squamous 
cell cancer; testicular cancer including germinal tumors such 
as seminoma, non-seminoma (teratomas, choriocarcino 
mas), stromal tumors, and germ cell tumors; thyroid cancer 
including thyroid adenocarcinoma and medullar carcinoma; 
transitional cancer and renal cancer including adenocarci 
noma and Wilms tumor. 

[0127] An infectious disease, as used herein, is a disease 
arising from the presence of a foreign microorganism in the 
body. A microbial antigen, as used herein, is an antigen of a 
microorganism. Microorganisms include but are not limited 
to, infectious virus, infectious bacteria, and infectious fungi. 

[0128] Examples of infectious virus include but are not 
limited to: Retroviridae (e.g. human immunode?ciency 
viruses, such as HIV-l (also referred to as HTLV-lll, LAV or 
HTLV-lll/LAV, or HIV-Ill; and other isolates, such as HIV 
LP; Picomaviridae (e.g. polio viruses, hepatitis A virus; 
enteroviruses, human Coxsackie viruses, rhinoviruses, echo 

Feb. 22, 2007 

viruses); Calciviridae (e.g. strains that cause gastroenteritis); 
Togaviridae (e.g. equine encephalitis viruses, rubella 
viruses); Flaviridae (e.g. dengue viruses, encephalitis 
viruses, yelloW fever viruses); Coronoviridae (e. g. coronavi 
ruses); Rhabdoviradae (e.g. vesicular stomatitis viruses, 
rabies viruses); Coronaviridae (e.g. coronaviruses); Rhab 
doviridae (e.g. vesicular stomatitis viruses, rabies viruses); 
Filoviridae (e.g. ebola viruses); Paramyxoviridae (e.g. 
parain?uenZa viruses, mumps virus, measles virus, respira 
tory syncytial virus); Orthomyxoviridae (e.g. in?uenza 
viruses); Bungaviridae (e.g. Hantaan viruses, bunga viruses, 
phleboviruses and Nairo viruses); Arena viridae (hemor 
rhagic fever viruses); Reoviridae (e.g. reoviruses, orbivi 
urses and rotaviruses); Bimaviridae; Hepadnaviridae (Hepa 
titis B virus); Parvovirida (parvoviruses); Papovaviridae 
(papilloma viruses, polyoma viruses); Adenoviridae (most 
adenoviruses); Herpesviridae (herpes simplex virus (HSV) l 
and 2, varicella Zoster virus, cytomegalovirus (CMV), her 
pes virus; Poxyiridae (variola viruses, vaccinia viruses, pox 
viruses); and lridoviridae (e.g. African sWine fever virus); 
and unclassi?ed viruses (eg the etiological agents of 
Spongiform encephalopathies, the agent of delta hepatitis 
(thought to be a defective satellite of hepatitis B virus), the 
agents of non-A, non-B hepatitis (class l=internally trans 
mitted; class 2=parenterally transmitted (i.e. Hepatitis C); 
NorWalk and related viruses, and astroviruses). 

[0129] Examples of infectious bacteria include but are not 
limited to: Helicobacter pyloris, Borelia burgdorferi, 
Legionella pneumophilia, Mycobacteria sps (e.g. M tuber 
culosis, M avium, M. intracellulare, M kansaii, M gordo 
nae), Staphylococcus aureus, Neisseria gonorrhoeae, Neis 
seria meningitidis, Listeria monocytogenes, Streptococcus 
pyogenes (Group A Streptococcus), Streptococcus agalac 
tiae (Group B Streptococcus), Streptococcus (viridans 
group), Streptococcus faecalis, Streptococcus bovis, Strep 
tococcus (anaerobic sps.), Streptococcus pneumoniae, 
pathogenic Campylobacter sp., Enterococcus sp., Haemo 
philus in?uenzae, Bacillus antracis, corynebacterium diph 
theriae, corynebacterium sp., Erysipelothrix rhusiopathiae, 
Clostridium per/‘ringers, Clostridium tetani, Enterobacter 
aerogenes, Klebsiella pneumoniae, Pasturella multocida, 
Bacteroides sp., Fusobacterium nucleatum, Streptobacillus 
moniliformis, Treponema palladium, Treponema pertenue, 
Leptospira, Rickettsia, and Actinomyces israelli. 

[0130] Examples of infectious fungi include: Cryptococ 
cus neoformans, Histoplasma capsulatum, Coccidioides 
immitis, Blastomyces dermatitidis, Chlamydia trachomatis, 
Candida albicans. Other infectious organisms (i.e., protists) 
include: Plasmodium such as Plasmodiumfalciparum, Plas 
modium malariae, Plasmodium ovale, and Plasmodium 
vivax and Toxoplasma gondii. 

[0131] The vectors of this invention can be delivered into 
host cells via a variety of methods, including but not limited 
to, liposome fusion (transposomes), infection by viral vec 
tors, and routine nucleic acid transfection methods such as 
electroporation, calcium phosphate precipitation and micro 
injection. In some embodiments, the vectors are integrated 
into the genome of a transgenic animal (e.g., a mouse, a 
rabbit, a hamster, or a nonhuman primate). Diseased or 
disease-prone cells containing these vectors can be used as 
a model system to study the development, maintenance, or 
progression of a disease that is affected by the presence or 
absence of the interfering RNA. 
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[0132] Expression of the mRNA/siRNA introduced into a 
target cell may be con?rmed by art-recognized techniques, 
such as Northern blotting using a nucleic acid probe. For cell 
lines that are more dif?cult to transfect, more extracted RNA 
can be used for analyses, optionally coupled With exposing 
the ?lm longer. Once expression of the mRNA/siRNA is 
con?rmed, the DNA construct can then be tested for RNAi 
ef?cacy against a cotransfected construct encoding the target 
protein or directly against an endogenous target. In the latter 
case, one preferably should have a clear idea of transfection 
ef?ciency and of the half-life of the target protein before 
performing the experiment. 

V. Pharmaceutical Use and Methods of Administration 

[0133] In one aspect, the invention provides a method of 
administering any of the compositions described herein to a 
subject. When administered, the compositions are applied in 
a therapeutically effective, pharmaceutically acceptable 
amount as a pharmaceutically acceptable formulation. As 
used herein, the term “pharmaceutically acceptable” is given 
its ordinary meaning. Phar'maceutically acceptable com 
pounds are generally compatible With other materials of the 
formulation and are not generally deleterious to the subject. 
Any of the compositions of the present invention may be 
administered to the subject in a therapeutically effective 
dose. A “therapeutically effective” or an “effective” as used 
herein means that amount necessary to delay the onset of, 
inhibit the progression of, halt altogether the onset or 
progression of, diagnose a particular condition being treated, 
or otherWise achieve a medically desirable result, i.e., that 
amount Which is capable of at least partially preventing, 
reversing, reducing, decreasing, ameliorating, or otherWise 
suppressing the particular condition being treated. A thera 
peutically effective amount can be determined on an indi 
vidual basis and Will be based, at least in part, on consid 
eration of the species of mammal, the mammal’s age, sex, 
siZe, and health; the compound and/or composition used, the 
type of delivery system used; the time of administration 
relative to the severity of the disease; and Whether a single, 
multiple, or controlled-release dose regiment is employed. A 
therapeutically effective amount can be determined by one 
of ordinary skill in the art employing such factors and using 
no more than routine experimentation. 

[0134] The terms “treat,”"treated,”“treating,” and the like, 
When used herein, refer to administration of the systems and 
methods of the invention to a subject, Which may, for 
example, increase the resistance of the subject to develop 
ment or further development of cancers, to administration of 
the composition in order to eliminate or at least control a 
cancer or a infectious disease, and/or to reduce the severity 
of the cancer or infectious disease, or symptoms thereof. 
Such terms also include prevention of disease/condition in, 
for example, subjects/individuals predisposed to such dis 
eases/conditions, or at high risk of developing such diseases/ 
conditions. 

[0135] When administered to a subject, effective amounts 
Will depend on the particular condition being treated and the 
desired outcome. A therapeutically effective dose may be 
determined by those of ordinary skill in the art, for instance, 
employing factors such as those further described beloW and 
using no more than routine experimentation. 

[0136] In administering the systems and methods of the 
invention to a subject, dosing amounts, dosing schedules, 
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routes of administration, and the like may be selected so as 
to affect knoWn activities of these systems and methods. 
Dosage may be adjusted appropriately to achieve desired 
drug levels, local or systemic, depending upon the mode of 
administration. The doses may be given in one or several 
administrations per day. As one example, if daily doses are 
required, daily doses may be from about 0.01 mg/kg/day to 
about 1000 mg/kg/day, and in some embodiments, from 
about 0.1 to about 100 mg/kg/day or from about 1 mg/kg/ 
day to about 10 mg/kg/day. Parental administration, in some 
cases, may be from one to several orders of magnitude loWer 
dose per day, as compared to oral doses. For example, the 
dosage of an active compound When parentally administered 
may be betWeen about 0.1 micrograms/kg/day to about 10 
mg/kg/day, and in some embodiments, from about 1 micro 
gram/kg/day to about 1 mg/kg/day or from about 0.01 
mg/kg/day to about 0.1 mg/kg/day. 

[0137] In some embodiments, the concentration of the 
active compound(s), if administered systemically, is at a 
dose of about 1.0 mg to about 2000 mg for an adult of 70 kg 
body Weight, per day. In other embodiments, the dose is 
about 10 mg to about 1000 mg/70 kg/day. In yet other 
embodiments, the dose is about 100 mg to about 500 mg/70 
kg/day. Preferably, the concentration, if applied topically, is 
about 0.1 mg to about 500 mg/ gm of ointment or other base, 
more preferably about 1.0 mg to about 100 mg/ gm of base, 
and most preferably, about 30 mg to about 70 mg/gm of 
base. The speci?c concentration partially depends upon the 
particular composition used, as some are more effective than 
others. The dosage concentration of the composition actu 
ally administered is dependent at least in part upon the 
particular physiological response being treated, the ?nal 
concentration of composition that is desired at the site of 
action, the method of administration, the ef?cacy of the 
particular composition, the longevity of the particular com 
position, and the timing of administration relative to the 
severity of the disease. Preferably, the dosage form is such 
that it does not substantially deleteriously affect the mam 
mal. The dosage can be determined by one of ordinary skill 
in the art employing such factors and using no more than 
routine experimentation. 

[0138] In the event that the response of a particular subject 
is insufficient at such doses, even higher doses (or effectively 
higher doses by a different, more localiZed delivery route) 
may be employed to the extent that subject tolerance per 
mits. Multiple doses per day are also contemplated in some 
cases to achieve appropriate systemic levels Within the 
subject or Within the active site of the subject. In some cases, 
dosing amounts, dosing schedules, routes of administration, 
and the like may be selected as described herein, Whereby 
therapeutically effective levels for the treatment of cancer 
are provided. 

[0139] In certain embodiments Where cancers are being 
treated, a composition of the invention may be administered 
to a subject Who has a family history of cancer, or to a 
subject Who has a genetic predisposition for cancer. In other 
embodiments, the composition is administered to a subject 
Who has reached a particular age, or to a subject more likely 
to get cancer. In yet other embodiments, the compositions is 
administered to subjects Who exhibit symptoms of cancer 
(e.g., early or advanced). In still other embodiments, the 
composition may be administered to a subject as a preven 
tive measure. In some embodiments, the inventive compo 
























