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(57) ABSTRACT 

Methods and compositions are provided for modulating, 
e.g., reducing, coding sequence expression in mammals. In 
the subject methods, an effective amount of an RNAi agent, 
e.g., an interfering ribonucleic acid (such as an siRNA or 

shRNA) or a transcription template thereof, e.g., a DNA 
encoding an shRNA, is administered to a non-embryonic 
mammal, e.g., via a hydrodynamic administration protocol. 
Also provided are RNAi agent pharmaceutical preparations 
for use in the subject methods. The subject methods and 
compositions ?nd use in a variety of different applications, 
including academic and therapeutic applications. 
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METHODS AND COMPOSITIONS FOR RNAI 
MEDIATED INHIBITION OF GENE EXPRESSION 

IN MAMMALS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] Pursuant to 35 U.S.C. §119 (e), this application 
claims priority to the ?ling date of the US. Provisional 
Patent Application Serial No. 60/307,411 ?led Jul. 23, 2001 
and US. Provisional Patent Application Serial No. 60/360, 
664 ?led Feb. 27, 2002; the disclosures of Which are herein 
incorporated by reference. 

INTRODUCTION 

[0002] 1. Field of the Invention 

[0003] The ?eld of this invention is RNAi. 

[0004] 2. Background of the Invention 

[0005] Double-stranded RNA induces potent and speci?c 
gene silencing through a process referred to as RNA inter 
ference (RNAi) or posttranscriptional gene silencing 
(PTGS). RNAi is mediated by RNA-induced silencing com 
plex (RISC), a sequence-speci?c, multicomponent nuclease 
that destroys messenger RNAs homologous to the silencing 
trigger. RISC is knoWn to contain short RNAs (approxi 
mately 22 nucleotides) derived from the double-stranded 
RNA trigger. 

[0006] RNAi has become the method of choice for loss 
of-function investigations in numerous systems including, 
C. elegans, Drosophila, fungi, plants, and even mammalian 
cell lines. To speci?cally silence a gene in most mammalian 
cell lines, small interfering RNAs (siRNA) are used because 
large dsRNAs (>30 bp) trigger the interferon response and 
cause nonspeci?c gene silencing. 

[0007] To date, the Applicants are not aWare of any report 
of successful application of RNAi technology to non-em 
bryonic mammalian organisms. Demonstration that RNAi 
Works in non-embryonic mammalian organisms Would pro 
vide for a number of important additional applications for 
RNAi technology, including both research and therapeutic 
applications, and is therefore of intense interest. 

[0008] Relevant Literature 

[0009] WO 01/68836. See also: Bernstein et al., RNA 
(2001) 7: 1509-1521; Bernstein et al., Nature (2001) 
409:363-366; Billy et al., Proc. Nat’l Acad. Sci USA (2001) 
98:14428-33; Caplan et al., Proc. Nat’l Acad. Sci USA 
(2001) 98:9742-7; CartheW et al., Curr. Opin. Cell Biol 
(2001) 13: 244-8; Elbashir et al., Nature (2001) 411: 494 
498; Hammond et al., Science (2001) 293:1146-50; Ham 
mond et al., Nat. Ref. Genet. (2001) 2:110-119; Hammond 
et al., Nature (2000) 404:293-296; McCaffrrey et al., Nature 
(2002): 418-38-39; and McCaffrey et al., Mol. Ther. (2002) 
5:676-684; Paddison et al., Genes Dev. (2002) 16:948-958; 
Paddison et al., Proc. Nat’l Acad. Sci USA (2002) 99:1443 
48; Sui et al., Proc. Nat’lAcad. Sci USA (2002) 99:5515-20. 

[0010] US. patents of interest include US. Pat. Nos. 
5,985,847 and 5,922,687. Also of interest is WO/11092. 
Additional references of interest include: Acsadi et al., NeW 
Biol. (January 1991) 3:71-81; Chang et al., J. Virol. (2001) 
75:3469-3473; Hickman et al., Hum. Gen. Ther. (1994) 
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5:1477-1483; Liu et al., Gene Ther. (1999) 6:1258-1266; 
Wolff et al., Science (1990) 247: 1465-1468; and Zhang et 
al., Hum. Gene Ther. (1999) 10: 1735-1737: and Zhang et 
al., Gene Ther. (1999) 7:1344-1349. 

SUMMARY OF THE INVENTION 

[0011] Methods and compositions are provided for modu 
lating, e.g., reducing, coding sequence expression in mam 
mals. In the subject methods, an effective amount of an 
RNAi agent, e.g., an interfering ribonucleic acid (such as an 
siRNA or shRNA) or a transcription template thereof, e.g., 
a DNA encoding an shRNA, is administered to a non 
embryonic mammal, e.g., via a hydrodynamic administra 
tion protocol. Also provided are RNAi agent pharmaceutical 
preparations for use in the subject methods. The subject 
methods and compositions ?nd use in a variety of different 
applications, including academic and therapeutic applica 
tions. 

BRIEF DESCRIPTION OF THE FIGURES 

[0012] FIG. 1 provides expression constructs employed in 
the RNAi experiments described beloW. 

[0013] FIGS. 2A to 2D: RNA interference in adult mice. 
FIG. 2A) Representative images of light emitted from mice 
co-transfected With the luciferase plasmid pGL3-Control 
and either no siRNA (left), luciferase siRNA (middle) or 
unrelated siRNA (right). A pseudocolor image representing 
intensity of emitted light (red most and blue least intense) 
superimposed on a grayscale reference image (for orienta 
tion) shoWs that RNAi functions in adult mammals. Forty pg 
of annealed 21-mer siRNAs (Dharmacon) Were co-injected 
into the livers of mice With the 2 pg of pGL3-Control DNA 
and 800 units of RNasin (Promega) in 1.8 ml of PBS in 5-7 
seconds. Seventy tWo hours after the original injection, mice 
Were anesthetiZed and given 3 mg of luciferin intraperito 
neally 15 min prior to imaging. FIG. 2B) Summary of 
siRNA data. Mice receiving luciferase siRNA emitted sig 
ni?cantly less light than untreated controls. A one-Way 
ANOVA analysis With a post hoc Fisher’s test Was con 
ducted. The untreated and unrelated siRNA groups Were 
statistically similar. FIG. 2C) pShh1-Ff1 (center) but not 
pShh1-Ff1 rev (right) reduced luciferase expression in mice 
compared to the untreated control (left). 10 pg of pShh1-Ff1 
or pShh1-rev Were co-injected With 40 pg of pLuc-NS5B in 
1.8 ml of PBS. FIG. 2D) Quantitation of pShh1 data. 
Animals Were treated according to NIH Guidelines for 
Animal Care and the Guidelines of Stanford University. 

[0014] FIG. 3 provides a schematic representation of the 
constructs employed in the morpholino phosporamidate 
antisense HCV inhibition assay performed in the Experi 
mental Section, beloW. 

[0015] FIG. 4 provides background information of the 
mechanism of antisense inhibitors. 

[0016] FIGS. 5A to SF provide graphical results of a 
morpholino phosporamidate antisense HCV inhibition assay 
performed according to the subject invention. 

DEFINITIONS 

[0017] For convenience, certain terms employed in the 
speci?cation, examples, and appended claims are collected 
here. 
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[0018] As used herein, the term “vector” refers to a nucleic 
acid molecule capable of transporting another nucleic acid to 
Which it has been linked. One type of vector is a genomic 
integrated vector, or “integrated vector”, Which can become 
integrated into the chromsomal DNA of the host cell. 
Another type of vector is an episomal vector, i.e., a nucleic 
acid capable of extra-chromosomal replication in an appro 
priate host, e.g., a eukaryotic or prokaryotic host cell. 
Vectors capable of directing the expression of genes to 
Which they are operatively linked are referred to herein as 
“expression vectors”. In the present speci?cation, “plasmid” 
and “vector” are used interchangeably unless otherWise clear 
from the context. 

[0019] As used herein, the term “nucleic acid” refers to 
polynucleotides such as deoxyribonucleic acid (DNA), and, 
Where appropriate, ribonucleic acid (RNA). The term should 
also be understood to include, as applicable to the embodi 
ment being described, single-stranded (such as sense or 
antisense) and double-stranded polynucleotides. 

[0020] As used herein, the term “gene” or “recombinant 
gene” refers to a nucleic acid comprising an open reading 
frame encoding a polypeptide of the present invention, 
including both exon and (optionally) intron sequences. A 
“recombinant gene” refers to nucleic acid encoding such 
regulatory polypeptides, that may optionally include intron 
sequences that are derived from chromosomal DNA. The 
term “intron” refers to a DNA sequence present in a given 
gene that is not translated into protein and is generally found 
betWeen exons. As used herein, the term “transfection” 
means the introduction of a nucleic acid, e.g., an expression 
vector, into a recipient cell by nucleic acid-mediated gene 
transfer. 

[0021] A “protein coding sequence” or a sequence that 
“encodes” a particular polypeptide or peptide, is a nucleic 
acid sequence that is transcribed (in the case of DNA) and 
is translated (in the case of mRNA) into a polypeptide in 
vitro or in vivo When placed under the control of appropriate 
regulatory sequences. The boundaries of the coding 
sequence are determined by a start codon at the 5‘ (amino) 
terminus and a translation stop codon at the 3‘ (carboxy) 
terminus. A coding sequence can include, but is not limited 
to, cDNA from procaryotic or eukaryotic mRNA, genomic 
DNA sequences from procaryotic or eukaryotic DNA, and 
even synthetic DNA sequences. A transcription termination 
sequence Will usually be located 3‘ to the coding sequence. 

[0022] Likewise, “encodes”, unless evident from its con 
text, Will be meant to include DNA sequences that encode a 
polypeptide, as the term is typically used, as Well as DNA 
sequences that are transcribed into inhibitory antisense mol 
ecules. 

[0023] The term “loss-of-function”, as it refers to genes 
inhibited by the subject RNAi method, refers a diminish 
ment in the level of expression of a gene When compared to 
the level in the absence of the RNAi agent. 

[0024] The term “expression” With respect to a gene 
sequence refers to transcription of the gene and, as appro 
priate, translation of the resulting mRNA transcript to a 
protein. Thus, as Will be clear from the context, expression 
of a protein coding sequence results from transcription and 
translation of the coding sequence. 

[0025] “Cells,”“host cells” or “recombinant host cells” are 
terms used interchangeably herein. It is understood that such 
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terms refer not only to the particular subject cell but to the 
progeny or potential progeny of such a cell. Because certain 
modi?cations may occur in succeeding generations due to 
either mutation or environmental in?uences, such progeny 
may not, in fact, be identical to the parent cell, but are still 
included Within the scope of the term as used herein. 

[0026] By “recombinant virus” is meant a virus that has 
been genetically altered, e.g., by the addition or insertion of 
a heterologous nucleic acid construct into the particle. 

[0027] As used herein, the terms “transduction” and 
“transfection” are art recogniZed and mean the introduction 
of a nucleic acid, e.g., an expression vector, into a recipient 
cell by nucleic acid-mediated gene transfer. “Transforma 
tion”, as used herein, refers to a process in Which a cell’s 
genotype is changed as a result of the cellular uptake of 
exogenous DNA or RNA, and, for example, the transformed 
cell expresses a dsRNA construct. 

[0028] “Transient transfection” refers to cases Where 
exogenous DNA does not integrate into the genome of a 
transfected cell, e.g., Where episomal DNA is transcribed 
into mRNA and translated into protein. 

[0029] A cell has been “stably transfected” With a nucleic 
acid construct When the nucleic acid construct is capable of 
being inherited by daughter cells. 

[0030] As used herein, a “reporter gene construct” is a 
nucleic acid that includes a “reporter gene” operatively 
linked to at least one transcriptional regulatory sequence. 
Transcription of the reporter gene is controlled by these 
sequences to Which they are linked. The activity of at least 
one or more of these control sequences can be directly or 
indirectly regulated by the target receptor protein. Exem 
plary transcriptional control sequences are promoter 
sequences. A reporter gene is meant to include a promoter 
reporter gene construct that is heterologously expressed in a 
cell. 

[0031] As used herein, “transformed cells” refers to cells 
that have spontaneously converted to a state of unrestrained 
groWth, i.e., they have acquired the ability to groW through 
an inde?nite number of divisions in culture. Transformed 
cells may be characteriZed by such terms as neoplastic, 
anaplastic and/or hyperplastic, With respect to their loss of 
groWth control. For purposes of this invention, the terms 
“transformed phenotype of malignant mammalian cells” and 
“transformed phenotype ” are intended to encompass, but 
not be limited to, any of the folloWing phenotypic traits 
associated With cellular transformation of mammalian cells: 
immortaliZation, morphological or groWth transformation, 
and tumorigenicity, as detected by prolonged groWth in cell 
culture, groWth in semi-solid media, or tumorigenic groWth 
in immuno-incompetent or syngeneic animals. 

[0032] As used herein, “proliferating” and “proliferation” 
refer to cells undergoing mitosis. 

[0033] As used herein, “immortaliZed cells” refers to cells 
that have been altered via chemical, genetic, and/or recom 
binant means such that the cells have the ability to groW 
through an inde?nite number of divisions in culture. 

[0034] The “groWth state” of a cell refers to the rate of 
proliferation of the cell and the state of differentiation of the 
cell. 
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[0035] “Inhibition of gene expression” refers to the 
absence (or observable decrease) in the level of protein 
and/or mRNA product from a target gene. “Speci?city” 
refers to the ability to inhibit the target gene Without 
manifest effects on other genes of the cell. The consequences 
of inhibition can be con?rmed by examination of the out 
Ward properties of the cell or organism (as presented beloW 
in the examples) or by biochemical techniques such as RNA 
solution hybridization, nuclease protection, Northern 
hybridiZation, reverse transcription, gene expression moni 
toring With a microarray, antibody binding, enZyme linked 
immunosorbent assay (ELISA), Western blotting, radioim 
munoassay (RIA), other immunoassays, and ?uorescence 
activated cell analysis (FACS). For RNA-mediated inhibi 
tion in a cell line or Whole organism, gene expression is 
conveniently assayed by use of a reporter or drug resistance 
gene Whose protein product is easily assayed. Such reporter 
genes include acetohydroxyacid synthase (AHAS), alkaline 
phosphatase (AP), beta galactosidase (LacZ), beta glucoro 
nidase (GUS), chloramphenicol acetyltransferase (CAT), 
green ?uorescent protein (GFP), horseradish peroxidase 
(HRP), luciferase (Luc), nopaline synthase (NOS), octopine 
synthase (OCS), and derivatives thereof multiple selectable 
markers are available that confer resistance to ampicillin, 
bleomycin, chloramphenicol, gentamycin, hygromycin, 
kanamycin, lincomycin, methotrexate, phosphinothricin, 
puromycin, and tetracyclin. 

[0036] Depending on the assay, quantitation of the amount 
of gene expression alloWs one to determine a degree of 
inhibition Which is greater than 10%, 33%, 50%, 90%, 95% 
or 99% as compared to a cell not treated according to the 
present invention. LoWer doses of administered active agent 
and longer times after administration of active agent may 
result in inhibition in a smaller fraction of cells (e. g., at least 
10%, 20%, 50%, 75%, 90%, or 95% of targeted cells). 
Quantitation of gene expression in a cell may shoW similar 
amounts of inhibition at the level of accumulation of target 
mRNA or translation of target protein. As an example, the 
ef?ciency of inhibition may be determined by assessing the 
amount of gene product in the cell: mRNA may be detected 
With a hybridiZation probe having a nucleotide sequence 
outside the region used for the inhibitory double-stranded 
RNA, or translated polypeptide may be detected With an 
antibody raised against the polypeptide sequence of that 
region. 

DESCRIPTION OF THE SPECIFIC 
EMBODIMENTS 

[0037] Methods and compositions are provided for modu 
lating, e.g., reducing, coding sequence expression in mam 
mals. In the subject methods, an effective amount of an 
RNAi agent, e.g., an interfering ribonucleic acid (such as an 
siRNA or shRNA) or a transcription template thereof, e.g., 
a DNA encoding an shRNA, is administered to a non 
embryonic mammal, e.g., via a hydrodynamic administra 
tion protocol. Also provided are RNAi agent pharmaceutical 
preparations for use in the subject methods. The subject 
methods and compositions ?nd use in a variety of different 
applications, including academic and therapeutic applica 
tions. 

[0038] Before the subject invention is described further, it 
is to be understood that the invention is not limited to the 
particular embodiments of the invention described beloW, as 
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variations of the particular embodiments may be made and 
still fall Within the scope of the appended claims. It is also 
to be understood that the terminology employed is for the 
purpose of describing particular embodiments, and is not 
intended to be limiting. Instead, the scope of the present 
invention Will be established by the appended claims. 

[0039] In this speci?cation and the appended claims, the 
singular forms “a,”“an” and “the” include plural reference 
unless the context clearly dictates otherWise. Unless de?ned 
otherWise, all technical and scienti?c terms used herein have 
the same meaning as commonly understood to one of 
ordinary skill in the art to Which this invention belongs. 

[0040] Where a range of values is provided, it is under 
stood that each intervening value, to the tenth of the unit of 
the loWer limit unless the context clearly dictates otherWise, 
betWeen the upper and loWer limit of that range, and any 
other stated or intervening value in that stated range, is 
encompassed Within the invention. The upper and loWer 
limits of these smaller ranges may independently be 
included in the smaller ranges, and are also encompassed 
Within the invention, subject to any speci?cally excluded 
limit in the stated range. Where the stated range includes one 
or both of the limits, ranges excluding either or both of those 
included limits are also included in the invention. 

[0041] Unless de?ned otherWise, all technical and scien 
ti?c terms used herein have the same meaning as commonly 
understood to one of ordinary skill in the art to Which this 
invention belongs. Although any methods, devices and 
materials similar or equivalent to those described herein can 
be used in the practice or testing of the invention, represen 
tative methods, devices and materials are noW described. 

[0042] All publications mentioned herein are incorporated 
herein by reference for the purpose of describing and dis 
closing the components that are described in the publications 
Which might be used in connection With the presently 
described invention. 

[0043] RNAi in Non-Embryonic Mammals 

[0044] As summariZed above, the subject invention pro 
vides methods of performing RNAi in non-embryonic mam 
mals. In further describing this aspect of the subject inven 
tion, the subject methods of RNAi in non-embryonic 
mammals are described ?rst in greater detail, folloWed by a 
revieW of various representative applications in Which the 
subject invention ?nds use as Well as kits that ?nd use in 
practicing the subject invention. 

[0045] Methods 

[0046] As indicated above, one aspect of the subject 
invention provides methods of employing RNAi to modu 
late expression of a target gene or genes in a non-embryonic 
mammalian host. In many embodiments, the subject inven 
tion provides methods of reducing expression of one or more 
target genes in a non-embryonic mammalian host organism. 
By reducing expression is meant that the level of expression 
of a target gene or coding sequence is reduced or inhibited 
by at least about 2-fold, usually by at least about 5 -fold, e. g., 
10-fold, 15-fold, 20-fold, 50-fold, 100-fold or more, as 
compared to a control. In certain embodiments, the expres 
sion of the target gene is reduced to such an extent that 
expression of the target gene/coding sequence is effectively 
inhibited. By modulating expression of a target gene is 
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meant altering, e.g., reducing, transcription/translation of a 
coding sequence, e.g., genomic DNA, mRNA etc., into a 
polypeptide, e.g., protein, product. 

[0047] The subject invention provides methods of modu 
lating expression of a target gene in a non-embryonic 
mammalian organism. By non-embryonic mammalian 
organism is meant a mammalian organism or host that is not 
an embryo, i.e., is at a stage of development that is later in 
time than the embryonic stage of development. As such, the 
host organism may be a fetus, but is generally a host 
organism in a post natal stage of development, e. g., juvenile, 
adult, etc. 

[0048] In practicing the subject methods, an effective 
amount of an RNAi agent is administered to the host 
organism to modulate expression of a target gene in a 
desirable manner, e.g., to achieve the desired reduction in 
target cell gene expression. 

[0049] By RNAi agent is meant an agent that modulates 
expression of a target gene by a RNA interference mecha 
nism. The RNAi agents employed in one embodiment of the 
subject invention are small ribonucleic acid molecules (also 
referred to herein as interfering ribonucleic acids), i.e., 
oligoribonucleotides, that are present in duplex structures, 
e.g., tWo distinct oligoribonucleotides hybridiZed to each 
other or a single ribooligonucleotide that assumes a small 
hairpin formation to produce a duplex structure. By oligori 
bonucleotide is meant a ribonucleic acid that does not 
exceed about 100 nt in length, and typically does not exceed 
about 75 nt length, Where the length in certain embodiments 
is less than about 70 nt. Where the RNA agent is a duplex 
structure of tWo distinct ribonucleic acids hybridiZed to each 
other, e.g., an siRNA (such as d-siRNA as described in 
copending application serial No. 60/377,704; the disclosure 
of Which is herein incorporated by reference), the length of 
the duplex structure typically ranges from about 15 to 30 bp, 
usually from about 15 to 29 bp, Where lengths betWeen about 
20 and 29 bps, e.g., 21 bp, 22 bp, are of particular interest 
in certain embodiments. Where the RNA agent is a duplex 
structure of a single ribonucleic acid that is present in a 
hairpin formation, i.e., a shRNA, the length of the hybrid 
iZed portion of the hairpin is typically the same as that 
provided above for the siRNA type of agent or longer by 4-8 
nucleotides. The Weight of the RNAi agents of this embodi 
ment typically ranges from about 5,000 daltons to about 
35,000 daltons, and in many embodiments is at least about 
10,000 daltons and less than about 27,500 daltons, often less 
than about 25,000 daltons. 

[0050] In certain embodiments, instead of the RNAi agent 
being an interfering ribonucleic acid, e.g., an siRNA or 
shRNA as described above, the RNAi agent may encode an 
interfering ribonucleic acid, e.g., an shRNA, as described 
above. In other Words, the RNAi agent may be a transcrip 
tional template of the interfering ribonucleic acid. In these 
embodiments, the transcriptional template is typically a 
DNA that encodes the interfering ribonucleic acid. The DNA 
may be present in a vector, Where a variety of different 
vectors are knoWn in the art, e.g., a plasmid vector, a viral 
vector, etc. 

[0051] The RNAi agent can be administered to the non 
embryonic mammalian host using any convenient protocol, 
Where the protocol employed is typically a nucleic acid 
administration protocol, Where a number of different such 
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protocols are knoWn in the art. The folloWing discussion 
provides a revieW of representative nucleic acid administra 
tion protocols that may be employed. The nucleic acids may 
be introduced into tissues or host cells by any number of 
routes, including viral infection, microinjection, or fusion of 
vesicles. Jet injection may also be used for intra-muscular 
administration, as described by Furth et al. (1992), Anal 
Biochem 205:365-368. The nucleic acids may be coated onto 
gold microparticles, and delivered intradermally by a par 
ticle bombardment device, or “gene gun” as described in the 
literature (see, for example, Tang et al. (1992), Nature 
356:152-154), Where gold microprojectiles are coated With 
the DNA, then bombarded into skin cells. Expression vec 
tors may be used to introduce the nucleic acids into a cell. 
Such vectors generally have convenient restriction sites 
located near the promoter sequence to provide for the 
insertion of nucleic acid sequences. Transcription cassettes 
may be prepared comprising a transcription initiation region, 
the target gene or fragment thereof, and a transcriptional 
termination region. The transcription cassettes may be intro 
duced into a variety of vectors, e.g. plasmid; retrovirus, e.g. 
lentivirus; adenovirus; and the like, Where the vectors are 
able to transiently or stably be maintained in the cells, 
usually for a period of at least about one day, more usually 
for a period of at least about several days to several Weeks. 

[0052] For example, the RNAi agent can be fed directly to, 
injected into, the host organism containing the target gene. 
The agent may be directly introduced into the cell (i.e., 
intracellularly); or introduced extracellularly into a cavity, 
interstitial space, into the circulation of an organism, intro 
duced orally, etc. Methods for oral introduction include 
direct mixing of RNA With food of the organism. Physical 
methods of introducing nucleic acids include injection 
directly into the cell or extracellular injection into the 
organism of an RNA solution. The agent may be introduced 
in an amount Which alloWs delivery of at least one copy per 
cell. Higher doses (e.g., at least 5, 10, 100, 500 or 1000 
copies per cell) of the agent may yield more effective 
inhibition; loWer doses may also be useful for speci?c 
applications. 

[0053] In certain embodiments, a hydrodynamic nucleic 
acid administration protocol is employed. Where the agent is 
a ribonucleic acid, the hydrodynamic ribonucleic acid 
administration protocol described in detail beloW is of 
particular interest. Where the agent is a deoxyribonucleic 
acid, the hydrodynamic deoxyribonucleic acid administra 
tion protocols described in Chang et al., J. Virol. (2001) 
75:3469-3473; Liu et al., Gene Ther. (1999) 6:1258-1266; 
Wolff et al., Science (1990) 247: 1465-1468; Zhang et al., 
Hum. Gene Ther. (1999) 10:1735-1737: and Zhang et al., 
Gene Ther. (1999) 711344-1349; are of interest. 

[0054] Additional nucleic acid delivery protocols of inter 
est include, but are not limited to: those described in US. 
patents of interest include US. Pat. Nos. 5,985,847 and 
5,922,687 (the disclosures of Which are herein incorporated 
by reference); WO/11092;. Acsadi et al., NeW Biol. (1991) 
3:71-81; Hickman et al., Hum. Gen. Ther. (1994) 5:1477 
1483; and Wolff et al., Science (1990) 247: 1465-1468; etc. 

[0055] Depending n the nature of the RNAi agent, the 
active agent(s) may be administered to the host using any 
convenient means capable of resulting in the desired modu 
lation of target gene expression. Thus, the agent can be 
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incorporated into a variety of formulations for therapeutic 
administration. More particularly, the agents of the present 
invention can be formulated into pharmaceutical composi 
tions by combination With appropriate, pharmaceutically 
acceptable carriers or diluents, and may be formulated into 
preparations in solid, semi-solid, liquid or gaseous forms, 
such as tablets, capsules, poWders, granules, ointments, 
solutions, suppositories, injections, inhalants and aerosols. 
As such, administration of the agents can be achieved in 
various Ways, including oral, buccal, rectal, parenteral, intra 
peritoneal, intradermal, transdermal, intracheal, etc., admin 
istration. 

[0056] In pharmaceutical dosage forms, the agents may be 
administered alone or in appropriate association, as Well as 
in combination, With other pharmaceutically active com 
pounds. The folloWing methods and excipients are merely 
exemplary and are in no Way limiting. 

[0057] For oral preparations, the agents can be used alone 
or in combination With appropriate additives to make tablets, 
poWders, granules or capsules, for example, With conven 
tional additives, such as lactose, mannitol, corn starch or 
potato starch; With binders, such as crystalline cellulose, 
cellulose derivatives, acacia, corn starch or gelatins; With 
disintegrators, such as corn starch, potato starch or sodium 
carboxymethylcellulose; With lubricants, such as talc or 
magnesium stearate; and if desired, With diluents, buffering 
agents, moistening agents, preservatives and ?avoring 
agents. 

[0058] The agents can be formulated into preparations for 
injection by dissolving, suspending or emulsifying them in 
an aqueous or nonaqueous solvent, such as vegetable or 
other similar oils, synthetic aliphatic acid glycerides, esters 
of higher aliphatic acids or propylene glycol; and if desired, 
With conventional additives such as solubiliZers, isotonic 
agents, suspending agents, emulsifying agents, stabiliZers 
and preservatives. 

[0059] The agents can be utiliZed in aerosol formulation to 
be administered via inhalation. The compounds of the 
present invention can be formulated into pressuriZed accept 
able propellants such as dichlorodi?uoromethane, propane, 
nitrogen and the like. 

[0060] Furthermore, the agents can be made into supposi 
tories by mixing With a variety of bases such as emulsifying 
bases or Water-soluble bases. The compounds of the present 
invention can be administered rectally via a suppository. The 
suppository can include vehicles such as cocoa butter, 
carboWaxes and polyethylene glycols, Which melt at body 
temperature, yet are solidi?ed at room temperature. 

[0061] Unit dosage forms for oral or rectal administration 
such as syrups, elixirs, and suspensions may be provided 
Wherein each dosage unit, for example, teaspoonful, table 
spoonful, tablet or suppository, contains a predetermined 
amount of the composition containing one or more inhibi 
tors. Similarly, unit dosage forms for injection or intrave 
nous administration may comprise the inhibitor(s) in a 
composition as a solution in sterile Water, normal saline or 
another pharmaceutically acceptable carrier. 

[0062] The term “unit dosage form,” as used herein, refers 
to physically discrete units suitable as unitary dosages for 
human and animal subjects, each unit containing a prede 
termined quantity of compounds of the present invention 
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calculated in an amount sufficient to produce the desired 
effect in association With a pharmaceutically acceptable 
diluent, carrier or vehicle. The speci?cations for the novel 
unit dosage forms of the present invention depend on the 
particular compound employed and the effect to be achieved, 
and the pharmacodynamics associated With each compound 
in the host. 

[0063] The pharmaceutically acceptable excipients, such 
as vehicles, adjuvants, carriers or diluents, are readily avail 
able to the public. Moreover, pharmaceutically acceptable 
auxiliary substances, such as pH adjusting and buffering 
agents, tonicity adjusting agents, stabiliZers, Wetting agents 
and the like, are readily available to the public. 

[0064] Those of skill in the art Will readily appreciate that 
dose levels can vary as a function of the speci?c compound, 
the nature of the delivery vehicle, and the like. Preferred 
dosages for a given compound are readily determinable by 
those of skill in the art by a variety of means. 

[0065] Administration of an effective amount of an RNAi 
agent to a non-embryonic mammalian host according as 
described above results in a modulation of target gene(s) 
expression, e.g., a reduction of target gene(s) expression, as 
described above. 

[0066] The above described methods Work in any mam 
mal, Where representative mammals of interest include, but 
are not limited to: ungulates or hooved animals, e.g., cattle, 
goats, pigs, sheep, etc.; rodents, e.g., hamsters, mice, rats, 
etc.; lagomorphs, e.g., rabbits; primates, e.g., monkeys, 
baboons, humans, etc.; and the like. 

[0067] The above described methods ?nd use in a variety 
of different applications, representative types of Which are 
noW described in greater detail beloW. 

[0068] Utility 
[0069] The subject methods ?nd use in a variety of dif 
ferent applications, Where representative applications 
include both academic/research applications and therapeutic 
applications. Each of these types of representative applica 
tions is described more fully beloW. 

[0070] Academic/Research Applications 

[0071] The subject methods ?nd use in a variety of dif 
ferent types of academic, research applications, in Which one 
desires to modulate expression of one or more target genes 
(coding sequences) in a mammalian host, e.g., to determine 
the function of a target gene/coding sequence in a mamma 
lian host. The subject methods ?nd particular use in “loss 
of-function” type assays, Where one employs the subject 
methods to reduce or decrease or inhibit expression of one 
or more target genes/coding sequences in a mammalian host. 

[0072] As such, one representative utility of the present 
invention is as a method of identifying gene function in a 
non-embryonic mammal, Where an RNAi agent is adminis 
tered to a mammal according to the present invention in 
order to inhibit the activity of a target gene of previously 
unknoWn function. Instead of the time consuming and 
laborious isolation of mutants by traditional genetic screen 
ing, functional genomics using the subject methods deter 
mines the function of uncharacteriZed genes by administer 
ing an RNAi agent to reduce the amount and/or alter the 
timing of target gene activity. Such methods can be used in 
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determining potential targets for pharmaceutics, understand 
ing normal and pathological events associated With devel 
opment, determining signaling pathWays responsible for 
postnatal development/aging, and the like. The increasing 
speed of acquiring nucleotide sequence information from 
genomic and expressed gene sources, including total 
sequences for mammalian genomes, can be coupled With use 
of the subject methods to determine gene function in a live 
mammalian organism. The preference of different organisms 
to use particular codons, searching sequence databases for 
related gene products, correlating the linkage map of genetic 
traits With the physical map from Which the nucleotide 
sequences are derived, and arti?cial intelligence methods 
may be used to de?ne putative open reading frames from the 
nucleotide sequences acquired in such sequencing projects. 

[0073] Asimple representative assay inhibits gene expres 
sion according to the partial sequence available from an 
expressed sequence tag Functional alterations in 
groWth, development, metabolism, disease resistance, or 
other biological processes Would be indicative of the normal 
role of the EST’s gene product. The function of the target 
gene can be assayed from the effects it has on the mammal 
When gene activity is inhibited. 

[0074] If a characteristic of an organism is determined to 
be genetically linked to a polymorphism through RFLP or 
QTL analysis, the present invention can be used to gain 
insight regarding Whether that genetic polymorphism might 
be directly responsible for the characteristic. For example, a 
fragment de?ning the genetic polymorphism or sequences in 
the vicinity of such a genetic polymorphism can be 
employed to produce an RNAi agent, Which agent can then 
be administered to the mammal, and Whether an alteration in 
the characteristic is correlated With inhibition can be deter 
mined. 

[0075] The present invention is useful in alloWing the 
inhibition of essential genes. Such genes may be required for 
organism viability at only particular stages of development 
or cellular compartments. The functional equivalent of con 
ditional mutations may be produced by inhibiting activity of 
the target gene When or Where it is not required for viability. 
The invention alloWs addition of an RNAi agent at speci?c 
times of development and locations in the organism Without 
introducing permanent mutations into the target genome. 

[0076] In situations Where alternative splicing produces a 
family of transcripts that are distinguished by usage of 
characteristic exons, the present invention can target inhi 
bition through the appropriate exons to speci?cally inhibit or 
to distinguish among the functions of family members. For 
example, a hormone that contained an alternatively spliced 
transmembrane domain may be expressed in both membrane 
bound and secreted forms. Instead of isolating a nonsense 
mutation that terminates translation before the transmem 
brane domain, the functional consequences of having only 
secreted hormone can be determined according to the inven 
tion by targeting the exon containing the transmembrane 
domain and thereby inhibiting expression of membrane 
bound hormone. 

[0077] Therapeutic Applications 

[0078] The subject methods also ?nd use in a variety of 
therapeutic applications in Which it is desired to modulate, 
e.g., one or more target genes in a Whole mammal or portion 
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thereof, e.g., tissue, organ, etc. In such methods, an effective 
amount of an RNAi active agent is administered to the host 
mammal. By effective amount is meant a dosage suf?cient to 
modulate expression of the target gene(s), as desired. As 
indicated above, in many embodiments of this type of 
application, the subject methods are employed to reduce/ 
inhibit expression of one or more target genes in the host in 
order to achieve a desired therapeutic outcome. 

[0079] Depending on the nature of the condition being 
treated, the target gene may be a gene derived from the cell, 
an endogenous gene, a pathologically mutated gene, eg a 
cancer causing gene, a transgene, or a gene of a pathogen 
Which is present in the cell after infection thereof. Depend 
ing on the particular target gene and the dose of RNAi agent 
delivered, the procedure may provide partial or complete 
loss of function for the target gene. LoWer doses of injected 
material and longer times after administration of RNAi 
agent may result in inhibition in a smaller fraction of cells. 

[0080] The subject methods ?nd use in the treatment of a 
variety of different conditions in Which the modulation of 
target gene expression in a mammalian host is desired. By 
treatment is meant that at least an amelioration of the 
symptoms associated With the condition af?icting the host is 
achieved, Where amelioration is used in a broad sense to 
refer to at least a reduction in the magnitude of a parameter, 
e.g. symptom, associated With the condition being treated. 
As such, treatment also includes situations Where the patho 
logical condition, or at least symptoms associated thereWith, 
are completely inhibited, e.g. prevented from happening, or 
stopped, e.g. terminated, such that the host no longer suffers 
from the condition, or at least the symptoms that character 
iZe the condition. 

[0081] A variety of hosts are treatable according to the 
subject methods. Generally such hosts are “mammals” or 
“mammalian,” Where these terms are used broadly to 
describe organisms Which are Within the class mammalia, 
including the orders carnivore (e.g., dogs and cats), rodentia 
(e.g., mice, guinea pigs, and rats), and primates (e.g., 
humans, chimpanZees, and monkeys). In many embodi 
ments, the hosts Will be humans. 

[0082] The present invention is not limited to modulation 
of expression of any speci?c type of target gene or nucle 
otide sequence. Representative classes of target genes of 
interest include but are not limited to: developmental genes 
(e.g., adhesion molecules, cyclin kinase inhibitors, cytok 
ines/lymphokines and their receptors, groWth/differentiation 
factors and their receptors, neurotransmitters and their 
receptors); oncogenes (e.g., ABLI, BCLI, BCL2, BCL6, 
CBFA2, CBL, CSFIR, ERBA, ERBB, EBRB2, ETSI, ETS1, 
ETV6, FOR, FOS, FYN, HCR, HRAS, JUN, KRAS, LCK, 
LYN, MDM2, MLL, MYB, MYC, MYCLI, MYCN, NRAS, 
PIM 1, PML, RET, SRC, TALI, TCL3, and YES); tumor 
suppressor genes (e.g., APC, BRCA 1, BRCA2, MADH4, 
MCC, NF 1, NF2, RB 1, TP53, and WTI); and enZymes 
(e.g., ACC synthases and oxidases, ACP desaturases and 
hydroxylases, ADP-glucose pyrophorylases, ATPases, alco 
hol dehydrogenases, amylases, amyloglucosidases, cata 
lases, cellulases, chalcone synthases, chitinases, cyclooxy 
genases, decarboxylases, dextrinases, DNA and RNA 
polymerases, galactosidases, glucanases, glucose oxidases, 
granule-bound starch synthases, GTPases, helicases, hemi 
cellulases, integrases, inulinases, invertases, isomerases, 
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kinases, lactases, Upases, lipoXygenases, lyso/ymes, nopa 
line synthases, octopine synthases, pectinesterases, peroxi 
dases, phosphatases, phospholipases, phosphorylases, 
phytases, plant growth regulator synthases, polygalactur 
onases, proteinases and peptidases, pullanases, recombi 
nases, reverse transcriptases, RUBISCOs, topoisomerases, 
and Xylanases); chemokines (e.g. CXCR4, CCRS), the RNA 
component of telomerase, vascular endothelial groWth factor 
(VEGF), VEGF receptor, tumor necrosis factors nuclear 
factor kappa B, transcription factors, cell adhesion mol 
ecules, Insulin-like groWth factor, transforming groWth fac 
tor beta family members, cell surface receptors, RNA bind 
ing proteins (e.g. small nucleolar RNAs, RNA transport 
factors), translation factors, telomerase reverse tran 
scriptase); etc. 

[0083] Kits 
[0084] Also provided are reagents and kits thereof for 
practicing one or more of the above-described methods. The 
subject reagents and kits thereof may vary greatly. Typically, 
the kits at least include an RNAi agent as described above. 

[0085] In addition to the above components, the subject 
kits Will further include instructions for practicing the sub 
ject methods. These instructions may be present in the 
subject kits in a variety of forms, one or more of Which may 
be present in the kit. One form in Which these instructions 
may be present is as printed information on a suitable 
medium or substrate, e.g., a piece or pieces of paper on 
Which the information is printed, in the packaging of the kit, 
in a package insert, etc. Yet another means Would be a 
computer readable medium, e.g., diskette, CD, etc., on 
Which the information has been recorded. Yet another means 
that may be present is a Website address Which may be used 
via the internet to access the information at a removed site. 
Any convenient means may be present in the kits. 

[0086] Hydrodynamic Administration of Naked RNA 

[0087] Also provided by the subject invention are methods 
and compositions for the in vivo introduction of a naked 
nucleic acid, eg ribonucleic acid, deoXyribonucleic or 
chemically modi?ed nucleic acids (including, but not lim 
ited to, morpholino, peptide nucleic acids, methylphospho 
nate, phosphorothioate or 2‘-Omethyl oligonucleotides), into 
the target cell of a vasculariZed organism, eg a mammal. 
These methods of the subject invention are conveniently 
referred to as “hydrodynamic” methods. 

[0088] In one embodiment of the subject methods, an 
aqueous formulation of a naked nucleic acid and an RNase 
inhibitor is administered into the vascular system of the 
organism. In many embodiments, the aqueous formulation 
also includes a competitor ribonucleic acid, eg a non 
capped non-polyadenylated ribonucleic acid. In yet other 
embodiments, codelivery of DNA capable of being tran 
scribed into the RNA molecule With candidate modulatory 
agents is performed Without an RNase inhibitor or competi 
tor ribonucleic acid, Where the modulatory agent and the 
DNA may or may not be delivered as a single composition. 
The subject methods ?nd use in a variety of different 
applications, including both research and therapeutic appli 
cations, and are particularly suited for use in the in vivo 
delivery of a ribonucleic acid into a hepatic cell, e. g. for liver 
targeted in vivo delivery of nucleic acids. 

[0089] In further describing this aspect of the subject 
invention, the subject methods Will be described ?rst fol 
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loWed by a description of representative applications in 
Which the subject methods ?nd use and kits for use in 
practicing the subject methods. 

[0090] Methods 
[0091] As summariZed above, the subject invention pro 
vides a method for the in vivo introduction of a nucleic acid, 
eg a ribonucleic acid, into a target cell present in a 
vasculariZed multi-cellular organism. By in vivo introduc 
tion is meant that, in the subject methods, the target cell into 
Which the nucleic acid is introduced is one that is present in 
the multi-cellular organism, i.e., it is not a cell that is 
separated from eg removed from, the multi-cellular organ 
ism. As such, the subject methods are distinct from in vitro 
nucleic acid transfer protocols, in Which a nucleic acid is 
introduced into a cell or cells separated from the multi 
cellular organism from Which they originated, e.g. are in 
culture. In other Words, the subject methods are not methods 
of in vitro nucleic acid transfer. 

[0092] By introduction of the nucleic acid is meant that the 
nucleic acid, e.g., deoXyribonucleic acid (DNA) or ribo 
nucleic acid (RNA) or a non-naturally occurring nucleic acid 
analog, is inserted into the cytoplasm of the target cell. In 
other Words, the nucleic acid is moved from the outside of 
the target cell to the inside of the target cell across the cell 
membrane. 

[0093] By vasculariZed multi-cellular organism is meant a 
multi-cellular organism that includes a vascular system. 
Multi-cellular organisms of interest include plants and ani 
mals, Where animals are of particular interest, particularly 
vertebrate animals that have a vascular system made up of 
a system of veins and arteries through Which blood is 
?oWed, eg in response to the beating of a heart. Animals of 
interest are mammals in many embodiments. Mammals of 
interest include; rodents, e.g. mice, rats; livestock, e.g. pigs, 
horses, coWs, etc., pets, e.g. dogs, cats; and primates, e.g. 
humans. In certain embodiments, the multi-cellular organ 
ism is a human. In other embodiments, the multi-cellular 
organism is a non-human mammal, eg a rodent, such as a 
mouse, rat, etc. 

[0094] As mentioned above, the subject methods are, in 
the broadest sense, suitable for introduction of nucleic acids 
into the target cell of a host. The term “nucleic acid” as used 
herein means a polymer composed of nucleotides, e.g. 
deoXyribonucleotides or ribonucleotides, or compounds pro 
duced synthetically (e.g. PNA as described in US. Pat. No. 
5,948,902 and the references cited therein) Which can 
hybridiZe With naturally occurring nucleic acids in a 
sequence speci?c manner analogous to that of tWo naturally 
occurring nucleic acids. The terms “ribonucleic acid” and 
“RNA” as used herein mean a polymer composed of ribo 
nucleotides. The terms “deoXyribonucleic acid” and “DNA” 
as used herein mean a polymer composed of deoXyribo 
nucleotides. 

[0095] The subject methods are particularly suited for use 
in the delivery of a ribonucleic acid into a target cell of a 
multi-cellular organism. As such, the methods Will noW be 
further described in terms of the delivery of ribonucleic 
acids. HoWever, the folloWing protocols are also suitable for 
use in the delivery of other nucleic acids, eg DNAs (such 
as plasmid DNA), etc. 

[0096] In practicing the subject methods, an aqueous 
composition of the ribonucleic acid in Which the ribonucleic 
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acid is present as a naked ribonucleic acid is administered to 
the vascular system of the multi-cellular organism or host. In 
many embodiments, the naked RNA aqueous composition or 
formulation is administered to the vein of the host, i.e. the 
naked RNA formulation is intravenously administered. In 
certain embodiments, the naked RNA formulation is intra 
venously administered to the host via high pressure injec 
tion. By high pressure injection is meant that the aqueous 
formulation is intravenously introduced at an elevated pres 
sure, Where the elevated pressure is generally at least about 
20, usually at least about 30 mmHg. In many embodiments, 
the elevated pressure ranges from about 10 to 50 mm Hg, 
Where 40 to 50 mm Hg is often preferred. Methods of 
administering aqueous formulations under high pressure, 
such as those described above, are described in the refer 
ences listed in the relevant literature section, supra. 

[0097] As mentioned above, the RNA or DNA that is to be 
introduced into the target cell via the subject methods is 
present in the aqueous formulation as naked RNA. By 
“naked” is meant that the RNA is free from any delivery 
vehicle that can act to facilitate entry into the target cell. For 
example, the naked RNAs or DNAs delivered in the subject 
methods are free from any material that promotes transfec 
tion, such as liposomal formulations, charged lipids or 
precipitating agents, eg they are not complexed to colloidal 
materials (including liposomal preparations). In addition, 
the naked RNAs of the subject invention are not contained 
in a vector that Would cause integration of the RNA into the 
target cell genome, i.e. they are free of viral sequences or 
particles that carry genetic information. 

[0098] The naked RNAs that may be delivered via the 
subject invention may vary Widely in length, depending on 
their intended purpose, eg the protein they encode, etc. 
Generally, the naked RNAs Will be at least about 10 nt long, 
usually at least about 30 nt long and more usually at least 
about 35 nt long, Where the naked RNAs may be as long as 
20,000 nt or longer, but generally Will not exceed about 
10,000 nt long and usually Will not exceed about 6,000 nt 
long. In certain embodiments Where the naked RNA is an 
RNAi agent, as described above, the length of the RNA 
ranges from about 10 to 50 nt, often from about 10 to 40 nt, 
and more often from about 15 to 30 nt, including 15 to 25 
nt, such as 20 to 25 nt, e.g., 21 or 22 nt. 

[0099] The naked RNAs that may be introduced into a 
target cell according to the subject methods may or may not 
encode a protein, i.e. may or may not be capable of being 
translated into a protein upon introduction into the target 
cell. In those embodiments Where the naked RNA is capable 
of being translated into a protein folloWing introduction into 
the target cell, the naked RNA may or may not be capped, 
it may include an IRES domain, etc. HoWever, in many 
particular protocols of this embodiment, the naked RNA is 
capped. Furthermore, the RNA in these embodiments gen 
erally includes at least a polyadenylation signal, and in many 
embodiments is polyadenylated, Where the polyA tail, When 
present, generally ranges in length from about 10 to 300, 
usually from about 30 to 50. Further description of the naked 
RNAs is provided infra. 

[0100] As mentioned above, an aqueous formulation of 
the naked RNA is intravascularly, usually intravenously, 
administered to the host. In the aqueous formulations 
employed in the subject methods, an effective amount of the 
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naked RNA is combined With an aqueous delivery vehicle. 
By effective amount is meant an amount that is sufficient to 
provide for the desired amount of transfer into the target cell, 
eg to provide the desired outcome, such as desired amount 
of protein expression. In many embodiments, the amount of 
naked RNA present in the aqueous formulation is at least 
about 5 micrograms, usually at least about 10 micrograms 
and more usually at least about 20 micrograms, Where the 
amount may be as great as 10 milligrams or greater, but 
generally does not exceed about 1 milligram and usually 
does not exceed about 200 micrograms. 

[0101] Aqueous delivery vehicles of interest include: 
Water, saline and buffered media. Speci?c vehicles of inter 
est include: sodium chloride solution, Ringer’s dextrose, 
dextrose and sodium chloride, lactated Ringer’s, phosphate 
buffered saline, etc. The aqueous delivery vehicles may 
further include preservatives and other additives, e.g. anti 
microbials, antioxidants, chelating agents, inert gases, nutri 
ent replenishers, electrolyte replenishers, divalent cations, 
such as magnesium, calcium and manganese, etc. Of par 
ticular interest in many embodiments is the use of buffered 
salt solutions are pseudophysiological. 

[0102] A feature of certain embodiments of the subject 
methods is that the naked RNA is introduced into the 
vascular system of the multi-cellular organism in combina 
tion With an RNase inhibitor. By RNase inhibitor is meant a 
compound or agent that at least reduces the activity of, if not 
completely inactivates, an RNase activity in the multi 
cellular organism. In many embodiments, the RNase inhibi 
tor is a protein inhibitor of RNase, Where the human 
placental RNase inhibitor is of particular interest. The pro 
tein RNase inhibitor may be puri?ed from a natural source 
or synthetically produced, eg via recombinant techniques. 
Human placental RNase inhibitor may be obtained from a 
variety of different sources under a variety of different 
tradenames, Where representative sources include: Promega, 
Inc., Strategene, Inc., Fisher Scienti?c, Inc., and the like. 

[0103] While the RNase inhibitor may, in certain embodi 
ments, be administered to the host in a composition separate 
from the aqueous naked RNA composition, in many 
embodiments the RNase inhibitor is present in the aqueous 
naked RNA composition. The amount of RNase inhibitor 
that is present in the aqueous composition is suf?cient to 
provide for the desired uptake of the naked RNA. Where the 
RNase inhibitor is a protein inhibitor, the concentration of 
the inhibitor in the aqueous composition that is introduced 
into the multi-cellular organism during practice of the sub 
ject methods may range from about 4 to 4,000 units, usually 
from about 400 to 4,000 units and more usually from about 
400 to 1,500 units. 

[0104] In certain embodiments, the naked RNA and 
RNase inhibitor are administered in conjunction With a 
competitor RNA. By competitor RNA is meant an RNA that 
is capable of serving as a competitive inhibitor of RNase 
activity. In many embodiments, the competitor RNA is 
uncapped and non-polyadenylated. By uncapped is meant 
that the competitor RNA lacks the cap structure found at the 
5‘ end of eukaryotic messenger RNA, i.e. it lacks a 5‘ 7 
methyl G. By non-polyadenylated is meant that the com 
petitor RNA lacks a polyA tail or domain of polyadenylation 
at its 3‘ end, as is found in eukaryotic messenger RNA. The 
length of the competitor RNA may vary, but is generally at 



US 2003/0153519 A1 

least about 70 nt, usually at least about 200 nt and more 
usually at least about 1,500 nt, Where the length may be as 
great as 10,000 nt or greater, but generally does not exceed 
about 3,500 nt and usually does not exceed about 1,500 nt. 
The concentration of competitor RNA in the aqueous com 
position is sufficient to provide for the desired protection of 
the naked RNA (e. g. via competition for binding by RNase), 
and in many embodiments ranges from about 10 pig/ml to 10 
mg/ml, usually from about 20 to 200 pig/ml and more usually 
from about 40 to 150 pig/ml. 

[0105] The subject methods result in highly ef?cient trans 
fer of the administered RNA into the cytoplasm of the target 
cell(s). The subject methods are particularly suited for 
transferring RNA into the cytoplasm of liver or hepatic cells 
and non-parenchymal cells in the liver. As such, in many 
embodiments the subject methods are in vivo methods of 
achieving high level nucleic acid, eg RNA, transfer into 
hepatic cells or liver tissue. 

[0106] The nucleic acid that is introduced into the target 
cell via the subject methods is short lived once inside the 
target cell. Depending on the particular nature of the nucleic 
acid, the half life the nucleic acid folloWing introduction via 
the subject methods generally ranges from about 30 sec to 10 
days, usually from about 1 min to 24 hrs and more usually 
from about 5 min to 10 hrs. As such, Where the nucleic acid 
is an RNA encoding a protein of interest, protein expression 
folloWing introduction via the subject method is transient, 
typically lasting for a period of time ranging from about 1 
min to 3 days, usually from about 5 min to 24 hrs. As such, 
in many embodiments of the subject methods, the subject 
methods are methods of providing for transient protein 
expression from a transgene, Where protein expression is 
equal to RNA lifetime. Nonetheless, the protein expressed 
may have a longer lifetime, depending on the nature of the 
particular protein. 

[0107] Utility 
[0108] The subject methods ?nd use in a variety of dif 
ferent applications in Which the ef?cient in vivo transfer of 
a naked nucleic acid into a target cell is desired. Applications 
in Which the subject methods ?nd use include both thera 
peutic and research applications. Therapeutic applications of 
interest include gene therapy applications, vaccination appli 
cations, and the like. Research applications of interest 
include the production of animal models for particular 
conditions, eg RNA viral infections, the observation of 
gene expression on phenotypes to elucidate gene function, 
etc. Other applications in Which the subject invention ?nds 
use include the development of antisense, riboZyme and 
chimeraplasty (i.e. the repair of genes via RNA/DNA chi 
meras (see eg Yoon et al., Proc Natl Acad Sci USA (1996) 
93(5):2071-6; Cole-Strauss et al., Science (1996) 
273(5280):1386-9; and Zhu et al., Proc Natl Acad Sci USA 
(1999) 96(15):8768-73) therapeutics, as Well as interfering 
RNA (RNA Whose presence in the cell prevents the trans 
lation of similar RNAs, (See eg Wianny et al., Nat Cell Biol 
(2000) 2(2):70-5; and SiQun et al., Nature (1998) 391: 
806-811) therapeutics. 
[0109] One type of application in Which the subject meth 
ods ?nd use is in the synthesis of polypeptides, e. g. proteins, 
of interest from a target cell, particularly the transient 
expression of a polypeptide. In such applications, a nucleic 
acid that encodes the polypeptide of interest in combination 
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With requisite and/or desired expression components, eg 5‘ 
cap structures, IRES domains, polyA signals or tails, etc., is 
introduced into the target cell via in vivo administration to 
the multi-cellular organism in Which the target cell resides, 
Where the target cell is to serve as an expression host for 
expression of the polypeptide. For example, Where the naked 
nucleic acid administered by the subject methods is RNA, 
the RNA is an RNA that is capable of being translated in the 
cytoplasm of the target cell into the protein encoded by the 
sequence contained in the RNA. The RNA may be capped or 
uncapped, Where When it is uncapped it generally includes 
an IRES sequence. The RNA also generally further includes 
a polyA tail, Where the length of the polyA tail typically 
ranges from about 10 to 300, usually from about 30 to 50 nt. 
FolloWing in vivo administration and subsequent introduc 
tion into the target cell, the multi-cellular organism, and 
targeted host cell present therein, is then maintained under 
conditions suf?cient for expression of the protein encoded 
by the transferred RNA. The expressed protein is then 
harvested, and puri?ed Where desired, using any convenient 
protocol. 
[0110] As such, the subject methods provide a means for 
at least enhancing the amount of a protein of interest in a 
multi-cellular organism. The term ‘at least enhance’ includes 
situations Where the methods are employed to increase the 
amount of a protein in a multi-cellular organism Where a 
certain initial amount of protein is present prior to practice 
of the subject methods. The term ‘at least enhance’ also 
includes those situations in Which the multi-cellular organ 
ism includes substantially none of the protein prior to 
practice of the subject methods. As the subject methods ?nd 
use in at least enhancing the amount of a protein present in 
a multi-cellular organism, they ?nd use in a variety of 
different applications, including pharmaceutical preparation 
applications and therapeutic applications, Where the latter is 
described in greater detail infra. 

[0111] Therapeutic applications in Which the subject meth 
ods ?nd use include gene therapy applications in Which the 
subject methods are used to enhance the level of a thera 
peutic protein in the host organism and vaccination appli 
cations, in Which the subject methods are used to vaccinate 
the host (or develop vaccines for delivery by other methods). 
As distinct from DNA based expression protocols, the 
subject RNA based expression protocols are uncomplicated 
by the need for promoter, enhancer, repressor and other 
regulatory elements commonly associated With eukaryotic 
genes. The subject methods may be used to deliver a Wide 
variety of therapeutic nucleic acids Which, upon entry into 
the target cell, provide for the requisite enhanced protein 
level in the host. Therapeutic nucleic acids of interest 
include nucleic acids that replace defective genes in the 
target host cell, such as those responsible for genetic defect 
based diseased conditions, by encoding products that are 
supposed to be provided to the host by these defective genes; 
nucleic acids Which have therapeutic utility in the treatment 
of cancer; and the like. Representative products involved in 
gene defect disease conditions Whose level may be enhanced 
by practicing the subject methods include, but are not 
limited to: factor VIII, factor IX, [3-globin, loW-density 
protein receptor, adenosine deaminase, purine nucleoside 
phosphorylase, sphingomyelinase, glucocerebrosidase, cys 
tic ?brosis transmembrane regulator, ot-antitrypsin, CD-18, 
ornithine transcarbamylase, arginosuccinate synthetase, 
phenylalanine hydroxylase, branched-chain ot-ketoacid 


























