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ANTIGENE OLIGOMERS INHIBIT 
TRANSCRIPTION 

0001. This is a continuation of Ser. No. 60/661,769, filed 
Mar. 14, 2005. This invention was made with Government 
support under grants awarded by the National Institutes of 
Health (NIGMS 60642 and 73042). The Government has 
certain rights in this invention. 

BACKGROUND OF THE INVENTION 

0002 Sequence-selective compounds that target chromo 
Somal DNA might be used to regulate gene expression, probe 
the structural and functional importance of target sequences, 
direct sequence-specific mutations, and induce gene correc 
tions (1). Difficult challenges, however, confront any scheme 
for developing compounds that recognize chromosomal 
DNA. 
0003) Before a synthetic antigene agent can bind a target 
sequence within a chromosome, it must cross both the outer 
cell and nuclear membranes. These agents must compete with 
chromatin structure and bound proteins to recognize and bind 
specific sequences within chromosomal DNA. Once bound, 
antigene agents must resist displacement by polymerases, 
helicases, and other proteins that participate in promoter rec 
ognition and transcription. 
0004 Several approaches have been developed for recog 
nition of chromosomal DNA inside cells. Oligonucleotides 
can bind to duplex DNA by Hoogsteen base-pairing in the 
major groove to form triple helices (2.3). Alternatively, syn 
thetic pyrimidine polyamides can recognize DNA through 
binding in the minor groove (4.5). More recently, duplex 
RNA targeting CpG islands within promoter DNA has been 
reported to silence gene expression in mammalian cells by 
inducing methylation (6.7), although negative results have 
also been reported (16). RNA-directed methylation had been 
well-studied in plants (Matzke et al., 2004; Chan et al., 2004) 
and yeast (Sugiyama et al., 2004; Sigova et al., 2004; and 
Motamediet al., 2004), but these two positive recent reports 
were the first indication that RNA could also recognize 
sequences within the chromosomal DNA of mammalian 
cells. However, efficiency inhibition required delivering the 
RNA using lentiviral transduction (7), or simultaneously tar 
geting multiple (ten) genomic regions (6). A recent review 
(Kawasaki et al., 2005) discusses the mechanism and impli 
cations of methylase-dependent, chromosome-targeted RNA 
interference (RNAi). Another review (Paroo and Corey; 
2004) summarizes challenges for RNAi in vivo. 
0005 Peptide nucleic acids (PNAs) are nonionic DNA 
mimics that offer advantages for recognition of duplex DNA 
because hybridization is not hindered by phosphate-phos 
phate repulsion (1.8). Applications for strand invasion by 
PNAS include: creation of artificial primosomes (9), inhibi 
tion of transcription (10), activation of transcription (11), and 
directed mutagenesis (12). Several references report inhibi 
tion of gene transcription in human cells using antigene PNAs 
to target chromosomal DNA including coding regions (Boffa 
et al., 1996) and enhancer regions (Cutrona et al., 2003) of the 
targeted genes. Antigene PNAS targeting coding regions have 
also been reported to inhibit gene transcription when injected 
into rats (McMahon et al., 2002; Tyler et al., 1999). Transcrip 
tion of a DNA restriction fragment in vitro has been reported 
to promote PNA binding about 50 bp downstream from phage 
promoters (10). A recent review summarizes use of PNAs for 
recognition of chromosomal DNA, and suggests that partially 
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single-stranded regions like non-B-type structures and the 
open complex of transcription initiation might be susceptible 
to binding synthetic oligomers (1). 
0006 Strand invasion by PNAs in cell-free systems is 
most efficient at sequences that are partially single-stranded 
(13.14). Assembly of RNA polymerase and transcription fac 
tors into the pre-initiation complex on DNA induces the for 
mation of a structure known as the open complex that con 
tains several bases of unwound single-stranded DNA (15,16). 
Working in a cell-free prokaryotic system, Sigman and 
coworkers demonstrated that this single-stranded region of 
DNA was accessible to binding by short RNAs and that 
transcription could be inhibited (17). Inhibition was almost 
completely abolished by oligomers of 5 bases, whereas 8-mer 
Sequences were much less effective, and there was no inhibi 
tion with 11-mer sequences. The authors concluded that RNA 
polymerase enforces rigid length and position constraints on 
open complex-targeted oligoribonucleotides. 

SUMMARY OF THE INVENTION 

I0007. One aspect of the invention is a method of methy 
lase-independently inhibiting transcription of a gene in a 
mammalian cell (inhibiting transcription independent of 
DNA methylation), the method comprising the steps of con 
tacting the cell with a nucleic acid oligomer of 12-28 bases 
complementary to a partially single-stranded target genomic 
sequence of the gene, whereby the transcription of the gene is 
Subject to a resultant methylase-independent inhibition; and 
detecting the resultant methylase-independent inhibition. 
0008. In one embodiment, the target genomic sequence is 
Selected from the group consisting of an AT-rich sequence, a 
cruciform loop, a G-quadruplex, a nuclease hypersensitive 
element (NHE), and an open complex region located between 
nucleotides-50 to +25 from the gene's transcription start site. 
0009. In one embodiment the target genomic sequence is 
an open complex region located between or including, nucle 
otides -30 to +17, -15 to +10, or-9 to +2 from the transcrip 
tion start site. In one embodiment, the target genomic 
sequence includes the transcription start site. 
I0010. In one embodiment of the invention, the oligomer is 
Selected from the group consisting of a double-stranded 
RNA, a DNA, a peptide nucleic acid, and a morpholino. 
I0011. In one embodiment of the invention, the oligomer is 
a double-stranded RNA, and the target genomic sequence is 
not within a CpG island. In a further embodiment, the oligo 
mer is a double-stranded RNA, and the target genomic 
sequence does not include a CG dinucleotide. 
0012. In a preferred embodiment of the invention, the 
oligomer is a double-stranded RNA of 18-25 bases. 
I0013. In one embodiment of the invention, the oligomer is 
double-stranded RNA comprising a nucleotide having a 2 
chemical modification. 
I0014) In a further embodiment of the invention, the oligo 
mer is double-stranded RNA comprising a serum stability 
enhancing chemical modification selected from the group 
consisting of a phosphorothioate internucleotide linkage, a 
2'-O-methyl ribonucleotide, a 2'-deoxy-2'-fluoro ribonucle 
otide, a 2'-deoxyribonucleotide, a universal base nucleotide. 
a 5-C-methyl nucleotide, an inverted deoxyabasic residue 
incorporation, and a locked nucleic acids. 
0015. In one embodiment of the invention, the cell is a 
cultured cell in vitro. 
0016. In another embodiment of the invention, the cell is in 
situ in a host. 
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0017. In a further embodiment of the invention, the cell is 
a cultured cell in vitro, the oligomer is a double-stranded 
RNA of 18-25 bases, and the cell is contacted with a compo 
sition comprising the oligomer and a cationic lipid. 
0.018. In another embodiment of the invention, the cell is in 
situ in a host, the oligomer is a double-stranded RNA of 18-25 
bases, and the cell is contacted with a composition consisting 
essentially of the oligomer. 
0019. In one embodiment of the invention, the contacting 
step is free of viral transduction, 
0020. In a further embodiment of the invention, the con 
tacting step is free of viral transduction, and the cell is con 
tacted with a composition consisting essentially of the oligo 

C 

0021. In a preferred embodiment of the invention, the 
contacting step is free of viral transduction, and the inhibition 
is at least 90%. 

0022. In a further embodiment of the invention, the oligo 
mer is a double-stranded RNA of 18-25 bases, the inhibition 
is at least 90%, and a single sequence of the gene is targeted. 
0023. In another embodiment, the contacting step is free of 
viral transduction, and the oligomer is not attached to a 
nuclear localization peptide. 
0024. In one embodiment of the invention, the cell is con 
tacted with a nanomolar concentration of the oligomer. 
0025. In another embodiment of the invention, the cell is a 
breast carcinoma cell and the gene is the human progesterone 
receptor or the human androgen receptor. 
0026. Another aspect of the invention is a nucleic acid 
oligomer for methylase-independent inhibition of transcrip 
tion of a human progesterone receptor gene, the oligomer 
comprising a nucleotide sequence of 12-28 bases comple 
mentary to a target sequence located between nucleotides-50 
to +25 of the transcription start site of the gene. In a further 
embodiment, the oligomer is selected from the group consist 
ing of RNA, DNA, peptide nucleic acid and morpholino. 
0027. In a preferred embodiment, the oligomer is a 
double-stranded RNA of 18-25 bases comprising a nucle 
otide sequence selected from the group consisting of SEQID 
NO:20-28, 32,33,35, 36, 38, and 40. 
0028. Another aspect of the invention is a nucleic acid: 
oligomer for methylase-independent inhibition of transcrip 
tion of a human androgen receptor gene, the oligomer com 
prising a nucleotide sequence of 12-28 bases complementary 
to a target sequence located between nucleotides -50 to +25 
of the transcription start site of the gene. In a further embodi 
ment, the oligomer is selected from the group consisting of 
RNA, DNA, peptide nucleic acid, and morpholino. 
0029. In a preferred embodiment, the oligomer is a 
double-stranded RNA of 18-25 bases comprising a nucle 
otide sequence selected from the group consisting of SEQID 
NO:48-51, 53, and 54. 
0030. Another aspect of the invention is a nucleic acid 
oligomer for methylase-independent inhibition of transcrip 
tion of a human vascular endothelial growth factor gene, the 
oligomer comprising a nucleotide sequence of 12-28 bases 
complementary to a target sequence located between nucle 
otides -50 to +25 of the transcription start site of the gene. 
0031. In a further embodiment, the oligomer is selected 
from the group consisting of RNA, DNA, peptide nucleic 
acid, and morpholino. 
0032. In a preferred embodiment, the oligomer is a 
double-stranded RNA of 18-25 bases. 
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0033. Another aspect of the invention is a method of doing 
business comprising promoting, marketing, selling or licens 
ing a subject invention. 

DETAILED DESCRIPTION OF SPECIFIC 
EMBODIMENTS OF THE INVENTION 

0034. The invention provides a method for methylase 
independently inhibiting transcription of a gene in a mamma 
lian cell. The method comprises the steps of contacting the 
cell with a nucleic acid oligomer of 12-28 bases complemen 
tary to a partially single-stranded target genomic sequence of 
the gene, whereby the transcription of the gene is subject to a 
resultant methylase-independent inhibition, and detecting the 
resultant methylase-independent inhibition. 
0035. The target genomic sequence is partially single 
Stranded. The single-strandedness is a consequence of and/or 
predictable from the sequence, and thus is sequence-depen 
dent, in contrast to sequence-independent single stranded 
sequences that may transiently occur in genomic DNA, for 
example, as the result of the migrating transcription bubble 
which forms when RNA polymerase releases from the core 
promoter, initiating transcription elongation. Preferred 
sequence-dependent, partially single-stranded target 
genomic sequences include non-B-DNA structures, AT-rich 
sequences, cruciform loops, G-quadruplexes, nuclease 
hypersensitive elements (NHE), open complex regions 
located between nucleotides -50 to +25 from the transcrip 
tion start site, etc. 
0036 Preferred AT-rich sequences are found in stretches 
of DNA where local melting occurs, such as the promoters of 
genes where protein machinery must gain access to single 
stranded regions, and preferably comprise the TATA box of 
the gene, and/or at least 60% or 70% A+T. 
0037 Preferred cruciform structures are formed from pal 
indromic genomic sequences forming a hairpin structure on 
each Strand, wherein the repeated sequences are separated by 
a stretch of non-palindromic DNA providing a single 
stranded loop at the end of each of the hairpins of the cruci 
form. Such cruciform structures have been implicated in con 
trol of transcription, and provide a targetable partially single 
Stranded structure. 
0038 Preferred G-quadruplex structures are identified in 
promoter regions of mammalian genes and are implicated in 
transcription regulation. For example the nuclease hypersen 
sitivity element III of the c-mMYC oncogene promoter is 
involved in controlling transcription and comprises a pyrimi 
dine-rich and purine-rich sequences on the coding and non 
coding strands, respectively, that can adopt I-motif and 
G-quadruplex structures, respectively. Stabilization of the 
G-quadruplex has been shown to lead to repression of c-MYC 
(see e.g. Siddiqui-Jain, 2002). 
0039 Preferred open complexes are located between 
about nucleotides -50 to +25 from the gene's transcription 
start site. Formation of the open complex is preceded by the 
recruitment of RNA polymerase and transcription factors to 
the gene’s core promoter, forming a preinitiation complex. 
Next, a conformational change occurs in which 11-15 base 
pairs of DNA surrounding the transcriptional start site are 
melted and a single-stranded portion of the template strand of 
the promoter is positioned within the active site cleft of RNA 
polymerase to form the open complex (see e.g. Hahn, 2004). 
In certain preferred embodiments of the method, the target 
genomic sequence is an open complex region located on the 
template strand between nucleotides -30 to +17 from the 
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transcription start site of the gene. In another embodiment, 
the target sequence is located between nucleotides -15 to +10 
from the transcription start site. In a further embodiment, the 
target sequence includes nucleotides -9 to +2 from the tran 
Scription start site. In certain preferred embodiments, the 
target genomic sequence includes the transcription start site. 
In other embodiments, the target sequence does not include 
any sequence downstream from the transcription start, e.g. 
the sequence is located between nucleotides -50 to +1. In one 
embodiment, the target sequence is selected so as to inhibit 
transcription prior to the stage at which RNA polymerase 
would otherwise release from the core promoter and enter the 
stage of transcription elongation. 
0040. The nucleic acid oligomer is of a sequence and 
length sufficient to effect the requisite transcription inhibi 
tion. As used herein, the singular forms “a,” “an and “the 
refer to both the singular as well as plural, unless the context 
clearly indicates otherwise. For example, the term “an oligo 
mer” includes single or plural oligomers and can be consid 
ered equivalent to the phrase “at least one oligomer.” Suitable 
oligomers are typically 12-28 bases in length, and are 
complementary to the target sequence (i.e. Watson-Crick 
binding complementarity). The oligomer may comprise any 
nucleic acid, modified nucleic acid, or nucleic acid mimic that 
can recognize DNA by Watson-Crick base-pairing. Mis 
matches between the oligomer and the target sequence, par 
ticularly more than one mis-match, often diminish the effi 
cacy of transcription inhibition (see e.g., Example 1, Table 1). 
The oligomer may be single-stranded or double-stranded (i.e. 
a duplex). In the case of duplex oligomers, a first strand is 
complementary to the genomic target sequence, and the sec 
ond strand is complementary to the first strand. In certain 
embodiments where the oligomer is a duplex, the target 
region is a non-coding region of the gene, resulting in anti 
gene transcription inhibition and not antisense inhibition of 
mRNA. The oligomer may target homopyrimidine 
sequences, homopyrimidine sequences, or mixed purine/py 
rimidine sequences. A mixed purine/pyrimidine sequence 
contains at least one purine (the rest being pyrimidines) or at 
least one pyrimidine (the rest being purines). A variety of 
oligomers are known in the art that are capable of Watson 
Crick base-pairing. In certain embodiments, the oligomer is 
selected from a double-stranded RNA, a DNA, a peptide 
nucleic acid, and a morpholino. 
0041 Double-stranded (ds) RNAs are particularly pre 
ferred oligomers because they are relatively easy to synthe 
size, and have been used in human clinical trials. Preferred 
dsRNAs have 18-25 bases complementary to the target 
sequence, and optionally have 3' di- or tri-nucleotide over 
hangs on each Strand. Methods for preparing dsRNA and 
delivering them to cells are well-known in the art (see e.g. 
Elbashiretal, 2001; WO/017164 to Tuschletal; and U.S. Pat. 
No. 6,506,559 to Fire et al). Custom-made dsRNAs are also 
commercially available (e.g. Ambion Inc., Austin, Tex.). The 
dsRNA used in the method of the invention may be chemi 
cally modified to enhance a desired property of the molecule. 
A broad spectrum of chemical modifications can be made to 
duplex RNA, without negatively impacting the inhibitory 
properties. In one embodiment, the dsRNA comprises one or 
more nucleotides having a 2" modification, and may be 
entirely 2-substituted. A variety of 2 modifications are 
known in the art (see e.g. U.S. Pat. No. 5,859.221 to Cook et 
al.; U.S. Pat. No. 6,673,611 to Thompson etal; and Czaudema 
et al., 2003). A preferred chemical modification enhances 
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serum stability and increases the half-life of dsRNA when 
administered in vivo. Examples of serum stability-enhancing 
chemical modifications include phosphorothioate internucle 
otide linkages. 2'-O-methyl ribonucleotides. 2'-deoxy-2'- 
fluoro ribonucleotides. 2'-deoxyribonucleotides, “universal 
base' nucleotides, 5-C-methyl nucleotides, and inverted 
deoxyabasic residue incorporation (see e.g. US Patent Publi 
cation No. 20050032733 to McSwiggen et al). The dsRNA 
may optionally contain locked nucleic acids (LNAS) to 
improve stability and increase nuclease resistance (see e.g. 
Elmen et al., 2005; and Braasch et al., 2003). 
0042 Methylase-dependent inhibition of transcription 
using antigene dsRNA targeting CpG islands has been 
described (6, 7). However, the inhibition achieved by the 
method of the present invention is methylase-independent, 
wherein inhibition is effected independent of, and without 
requiring effective methylation (e.g. transcription inhibition 
still occurs if the cell is contacted with the oligomer in the 
presence of a methylase inhibitor); thus the target genomic 
sequence need not be located in a CpG island region, greatly 
increasing the utility of dsRNA for antigene applications. In a 
particular embodiment of the invention, the genomic target 
sequence is not contained within a CpG island. Algorithms 
for identifying CpG islands in genomic sequences are known 
(e.g. see Takai and Jones, 2002; and Takai and Jones 2003). In 
another embodiment of the invention, the oligomer is a 
double-stranded RNA, and the target genomic sequence does 
not include a CG dinucleotide. 
0043. Peptide nucleic acids (PNAS) are also preferred oli 
gomers for use in the method of the invention. Various PNA 
configurations are known in the art. For example, the PNA 
oligomer may be homopyrimidine, optionally prepared as a 
bishNA, where one PNA oligomer binds the target via Wat 
son-Crick base pairing, and a second oligomer binds via 
Hoogsteen recognition (see e.g. Nielsen, 2004); homopurine, 
optionally substituting one or more adenines with diaminopu 
rine (see e.g. Haaima et al., 1997); or mixed purine/pyrimi 
dine, optionally configured to form a tail-clamp at the target 
sequence (see e.g. Kaihatsu et al., 2003). In a preferred 
embodiment, the PNA is single-stranded mixed purine/pyri 
midine. 
0044) DNA oligomers can also be used in the method of 
the invention. However, unmodified oligodeoxynucleotides 
are subject to rapid degradation by nucleases. Therefore, 
when DNA oligomers are used, they preferably have chemi 
cal modifications to increase nuclease resistance. A variety of 
chemical modifications to increase nuclease resistance are 
known in the art. The simplest and most widely used modi 
fication is the phosphorothioate (PS) modification, in which a 
Sulfur atom replaces a non-bridging oxygen in the oligophos 
phate backbone. DNA oligomers are commercially available 
through numerous vendors (e.g. Integrated DNA Technolo 
gies, Coralville, Iowa). 
0045. Other types of oligomers that can be used include 
morpholino oligomers (see e.g. Summerton and Weller, 
1997) and LNAs (see e.g. Wahlestedt et al., 2000). 
0046. The mammalian cell that is contacted with the oli 
gomer can be in vitro (e.g. a cultured cell), or in situ in a host. 
Examples of cultured cells include primary cells, cancer cells 
(e.g. from cell lines), adult or embryonic stem cells, neural 
cells, fibroblasts, myocytes, etc. The cell can be from any 
mammal. In one embodiment, the cell is a human cell in vitro. 
In a further embodiment, the cell is a breast carcinoma cell 
and the gene is the human progesterone receptor or the human 
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androgen receptor. Cultured human cells commonly used to 
test putative therapeutics for human diseases or disorders can 
be used to screen oligomers that target partially single 
Stranded genomic sequences of genes for therapeutic affect 
(e.g. induction of apoptosis, cessation of proliferation in can 
cer cells, etc.). When the cell is in situ, the host may be any 
mammal, and in certain preferred embodiments is a human, 
or an animal model used in the study of human diseases or 
disorders (e.g. rodent, canine, porcine, etc. animal models). 
0047. In the contacting step, the methods used to deliver 
the oligomer to the cell can vary depending on the oligomer 
used and whether the cell is in vitro or in vivo. For cells in 
vitro, delivery can be accomplished by direct injection into 
cells. When microinjection is not an option, delivery can be 
enhanced in Some cases by using hydrophobic or cationic 
carriers such as LipofectamineTM (Invitrogen, Carlsbad, 
Calif.). In one embodiment of the invention, the cell is a 
cultured cell in vitro, the oligomer is a double-stranded RNA 
of 18-25 bases, and the cell is contacted with a composition 
comprising the oligomer and a cationic lipid. PNA oligomers 
can be introduced into cells in vitro by complexing them with 
partially complementary DNA oligonucleotides and cationic 
lipid (21-25). The lipid promotes internalization of the DNA, 
while the PNA enters as cargo and is subsequently released. 
Peptides such as penetratin, transportan, Tat peptide, nuclear 
localization signal (NLS), and others, can be attached to the 
oligomer to promote cellular uptake (see e.g., Nielsen, 2004; 
Kaihatsu et al., 2003: Kaihatsu, et al., 2004; and ref. 7). Alter 
natively, the cells can be permeabilized with a permeabiliza 
tion agent Such as-lysolecithin, and then contacted with the 
oligomer. Viral transduction can be used to deliver oligomers 
to cells in vitro (e.g. lentiviral transduction, see e.g. ref 7). 
However, in certain embodiments of the invention, it is pre 
ferred that the contacting step is free of viral transduction. In 
a further preferred embodiment, the contacting step is free of 
viral transduction, and the oligomer is not attached to a 
nuclear localization peptide. 
0048 For cells in situ, cationic lipids (see e.g. Hassani et 

al., 2004) and polymers such as polyethylenimine (see e.g. 
Urban-Klein, 2005) have been used to facilitate oligomer 
delivery. Compositions consisting essentially of the oligomer 
(in a carrier Solution) can be directly injected into the host (see 
e.g. Tyler et al., 1999; McMahon et al., 2002). In a preferred 
embodiment of the invention, the cell is in situ in a host, the 
oligomer is a double-stranded RNA of 18-25 bases, and the 
cell is contacted with a composition consisting essentially of 
the oligomer. In vivo applications of duplex RNAs are 
reviewed in Paroo and Corey, 
0049 Highly efficient transcription inhibition can be 
achieved using the methods of the invention. Target 
sequences can be selected to achieve varying degrees of inhi 
bition, e.g. at least 50%, 60%, 70%, 80%, 90%, 95%, 98%, or 
99% inhibition; even complete inhibition (i.e. 100%) can be 
achieved. The inhibition is independent of mRNA inhibition. 
In preferred embodiments, the inhibition is at least 90%. 
Efficient inhibition can be achieved without viral transduc 
tion, and thus, in some preferred embodiments of the inven 
tion, the contacting step is free of viral transduction, and the 
inhibition is at least 90%. While multiple single-stranded 
regions of the gene can be targeted, highly efficient inhibition 
can be achieved with dsRNA targeting just a single sequence 
of the gene, in contrast to prior methods where multiple 
targets were required to achieve a high degree of inhibition 
(see e.g. refo). In one preferred embodiment of invention, the 
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oligomer is a double-stranded RNA of 18-25 bases, the inhi 
bition is at least 90%, and a single sequence of the gene is 
targeted. Highly efficient inhibition can be achieved using 
nanomolar (Submicromolar) concentrations of the oligomer. 
It is typically preferred to use the lowest concentration pos 
sible to achieve the desired degree of inhibition, e.g. oligomer 
concentrations in the 1-100 nM range are preferred; more 
preferably, the concentration is in the 1-50 nM, 1-25 nM, or 
1-10 nM range. 
0050. In the detecting step of the method, methylase-in 
dependent inhibition, resulting from the oligomer contacting 
the cell, is detected. For cells in vitro, transcription inhibition 
of a gene can be detected by measuring a decrease in the level 
of the gene's mRNA transcript or corresponding encoded 
protein compared to controls. Whether a resultant inhibition 
is methylase-independent can be determined in control stud 
ies where the ability of the oligomer to inhibit transcription in 
the presence of a methylase inhibitor Such as 5-azacytidine 
(5-azaC) or 5 aza-2'-deoxycytidine (5-aza-dC). Methylation 
may also be detected directly, e.g. by sequencing cloned PCR 
products. For example, to further confirm that DNA methy 
lation was not involved in the gene silencing of our examples, 
we sequenced the regions Surrounding the AR, hPR-B, and 
hPR-A transcription start sites after treatment with agRNAs. 
Between five and fifteen cloned PCR products were 
sequenced for each sample of sodium bisulfite-treated DNA, 
and no methylation was observed. 
0051 Alternatively, the detection step may comprise 
inferentially determining that methylase-inhibition has 
resulted. For example, decreased transcription compared to 
controls may be detected, and it may be inferred that the 
transcription is methylase-independent because the target 
sequence is not located in a CpG island. For cells in situ, the 
detection step may comprise measuring a decrease in the level 
of transcription of the targeted gene, or a decrease in the level 
of encoded protein. Alternatively, resultant inhibition may be 
inferred based on phenotypic changes that are indicative of 
inhibition of the targeted gene. Further, that a resultant inhi 
bition is methylase-independent may be inferred from knowl 
edge that the targeted sequence is not located in a CpG island, 
or that prior in vitro studies show that transcription inhibition 
is methylase-independent. 
0052. In another aspect of the invention, provided are 
nucleic acid oligomers for methylase-independent inhibition 
of gene transcription. The oligomer comprises a nucleotide 
sequence of 12-28 bases complementary to a target sequence 
located between nucleotides -50 to +25 of the transcription 
start site of the gene. In one embodiment, the gene is the 
human progesterone receptor gene, the human androgen 
receptor gene, or the human vascular endothelial growth fac 
tor gene. In further embodiments, the oligomer is RNA, DNA, 
peptide nucleic acid or morpholino. In one embodiment, the 
nucleic acid oligomer is a double-stranded RNA of 18-25 
bases. In a specific embodiment, the gene is the human 
progesterone receptor gene, and the double-stranded RNA 
comprises a nucleotide sequence selected from SEQID NOS 
20-25, 27, 28,33,35, 39, and 49. In another embodiment, the 
gene is the human androgen receptor gene, and the double 
Stranded RNA comprises a nucleotide sequence selected 
from SEQID NO:48-51, 53, and 54. 
0053. In a further aspect of the invention, the invention 
provides a method of doing business comprising promoting, 
marketing, selling or licensing any, of the aforementioned 
inventions. 
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EXAMPLE1 

Inhibition of Human Progesterone Receptor (hPR) 
Expression by Antigene PNA (agPNA) Oligomers 

Targeting the Open Complex in Chromosomal DNA 
0054 Cell Culture. T47D breast cancer cells were 
obtained from the American Type Cell Culture Collection 
(ATCC) and maintained at 37° C. and 5% CO, in RPMI media 
(ATCC) supplemented with 10% (v/v) heat-inactivated (56° 
C. 1 hr) fetal bovine serum (Gemini Bio-products), 0.5% 
non-essential amino acids (Sigma), 0.4 units/mL bovine insu 
lin (Sigma) and 100 units/rill penicillin and 0.1 mg/ml strep 
tomycin (Sigma). 
0055 Lipid-Mediated Transfection of PNA/DNA and 
siRNA Duplexes. PNAS and DNAs were obtained as 
described (21-25). RNA was synthesized by the Center for 
Biomedical Inventions at The University of Texas Southwest 
ern Medical Center. 
0056. Two days before transfection (day 2), T47D cells 
were plated at 80,000 cells per well in 6-well plates (Costar). 
On the day of transfection (day 0) duplexes (200 nM) and 
Oligofectamine (9 uL per well, Invitrogen) were diluted in 
Optimem (Invitrogen) according to the manufacturers 
instructions. Media was changed 24 h later (day 1). For anti 
sense PNAS or siRNAs cells were harvested on day 5. For 
agPNAS, on day 3 cells were passaged 1:4 into new 6-well 
plates. Cells were transfected a second time on day 5. Cells 
were harvested day 8 or as indicated. hPR protein levels were 
evaluated by Western analysis using anti-hPR antibody (Cell 
Signaling Technologies). 
0057 RNA Analysis. Total RNA from treated T47D cells 
was extracted using trizol (TRIZol, Invitrogen) (26). RNA 
was treated with deoxyribonuclease to remove contaminating 
DNA, and 4 ug were reverse transcribed by random primers 
using Superscript II RNase H-reverse transcriptase (Invitro 
gen). 
0058 Microscopy. Cells were imaged by confocal micros 
copy using a Zeiss Axiovert 200M inverted transmitted light 
microscope (Carl Zeiss Microimaging). T47D cells trans 
fected with siRNAs were seeded at 20,000 cells per well in 
Lab-Tek 4-well chambered coverglass slides (Nalgene Nunc 
International) at day -2. Cells were transfected with siRNA 
on day 0 and imaged on day 5. Cells were transfected with 
agPNA as described above, transferred to 4-well slides on day 
3, transfected with PNAa second time on day 5, and harvested 
on day 8. 
0059 Approximations of cell height were made using the 
Zeiss Axiovert Microscope which has the ability to track 
distances in the Z-plane using an automated program. Indi 
vidual cells were chosen for observation and then the micro 
scope was underfocused until no part of the individual cell is 
in focus. The underfocus position in the Z-plane is noted and 
then the focal plane is moved upward through the cell until it 
is completely out of focus. The overfocus position is noted 
and a crude estimate of the height (Zdimension) of the cell can 
be calculated. 
0060 Cellular Uptake of Biologically Active PNAS. We 
introduced PNAS into cells by complexing them with par 
tially complementary DNA oligonucleotides and cationic 
lipid (21-25). The lipid promotes internalization of the DNA, 
while the PNA enters as cargo and is subsequently released. 
0061. Using this method we have inhibited the ribonucle 
oprotein telomerase by targeting its RNA component and 
caused telomeres to shorten (22). We have also demonstrated 
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that antisense PNAS targeting mRNA can inhibit gene expres 
sion (21.23-25). Active antisense PNAS can be targeted to the 
5' terminus of the untranslated region (23), to sequences 
within an internal ribosome entry site (IBES) (25), or to 
sequences within the coding region of mRNA (24). 
0062 Target Sequences for agPNAS. We chose the gene 
encoding the human progesterone receptor (hPR) as a target. 
Two major isoforms, hPR-B and hPR-A, are expressed under 
the control of two different promoters, each encoding a sepa 
rate transcript (18.19). The transcription start site of hPR-B is 
upstream from the start site of hPR-A. This order is important 
for the experiments that we describe here because the target 
sequences for agPNAs within the transcription start site of 
hPR-B are approximately 760 bases upstream from the start 
site of hPR-A and play no obvious role in expression of 
hPR-A. hPR plays an important role in normal physiologic 
processes and disease (20). 
0063. To determine whether PNAS could act as antigene 
agents inside cells we synthesized and tested nineteen base 
PNAS P1-P4 as shown in Table 1. The agPNAS are listed N to 
C termini and contain C- and N-terminal lysines. Mismatched 
(mm) bases are underlined. Human caveolin-1 is designated 
hCav. Only one strand (5' to 3') of each siRNA is shown. 
Additionally the siRNAs had 3'-dithymidine overhangs on 
each strand. Sense PNAS are complementary to the template 
strand of chromosomal DNA; antisense PNAS are comple 
mentary to the transcribed mRNA. 

TABLE 1. 

PNA 
ID Sequence Target site 

agPNAs targeting the hPR-B 
promoter and start site 

P1 CCAGTCCACAGCTGTCACT -2/+17 (Sense) 
(SEQ ID NO: 1) 

P2 TGTCTGGCCAGTCCACAGC -9/+10 (Sense) 
(SEQ ID NO: 2) 

agPNAS targeting the hPR-A 
promoter and start site 

P3 TGAGCTGAAGGCAAAGGGT -2/+17 (Sense) 
(SEQ ID NO : 3) 

P4 TCATGACTGAGCTGAAGGC -9/+10 (Sense) 
(SEQ ID NO : 4) 

P4mm TCACGACCGAGTTGATGGC 
(SEO ID NO; 5) 

-9/+10 (Sense) 

Control PNAs that do not target hPR 

P5 CACGATTTTCTGCATGTTT 

(SEQ ID NO : 6) 
Luciferase (23) 

P6 TGCCCCCAGACATGCTGGC hCav (24) 
(SEO ID NO: 7) 

Antisense PNAS targeting hPR-B mRNA 

p7 CATGACGACTGGACTCCCC (AntiSense) 
(SEQ ID NO: 8) 

P7mm CTTGACCACTGCACTCCGC (AntiSense) 
(SEO ID NO: 9) 



US 2015/0353936 A1 

TABLE 1 - continued 

PNA 
ID Sequence Target site 

siRNAs 

S1 AUGACUGAGCUGAAGGCAA hPR-B only 
(SEQ ID NO: 1.O) 

S2 GGGGAGUCCAGUCGUCAUG hPR-B only 
(SEQ ID NO: 11) 

S2mm GCGGAGUGCAGUGGUCAAG hPR-B only 
(SEQ ID NO: 12) 

S3 GGUGUUGUCCCCGCUCAUG hPR-B/A 
(SEQ ID NO: 13) 

S4 AUGGAAGGGCAGCACAACU hPR-B/A 
(SEQ ID NO: 14) 

PNAS P1 and P2 were targeted to the transcription start site of 
hPR-B and PNAS P3 and P4 were targeted to the transcription 
start site of hPR-A. hPR is transcribed by polymerase II and 
the open complex is predicted to contain single-stranded 
DNA from nucleotides -9 to +2 (15,16). It is important to note 
that P1-P4 were targeted to the template strand of the DNA. 
Therefore, P1-P4 are not complementary to the mRNA 
encoding hPR, and would not be expected to inhibit hPR 
expression by an antisense mechanism: 
0064. Inhibition of hPRExpression by agPNAS. We trans 
fected PNAS P1-P4 into cells at a concentration of 200 nm and 
measured their ability to inhibit hPR protein expression by 
Western analysis. We observed that agPNAs P1-P4 inhibited 
hPR expression and reduced the levels of both hPR-B and 
hPR-A isoforms. Levels of inhibition varied among experi 
ments, but hPR levels were typically reduced by 75-95%. 
This inhibition of hPR provides evidence that agPNAs can 
bind chromosomal DNA inside cells and block transcription. 
We were surprised that agPNAS P1 and P2 inhibited expres 
sion of both hPR-B and hPR-A because the target sequences 
for agPNAS P1 and P2 are not contained within the promoter 
or coding region of hPR-A. The fact that hPR-A expression is 
reduced by agPNAs that target sequences found only within 
hPR-B indicates that reduced expression of hPR-A is linked 
to reduced levels of hPR-B. 
0065. The observation that agPNAs P3 and P4 block 
expression of both isoforms is less Surprising because P3 and 
P4 target sequences are also within the coding region for 
hPR-B. During transcription RNA polymerase forms a tran 
scription bubble that contains single-stranded DNA. It is pos 
sible that P3 and P4 are binding to accessible target DNA 
sequences as the transcription bubble proceeds along the gene 
during transcription of hPR-B. Nielsen has reported this 
mechanism for inhibition for transcription by PNAS in cell 
free systems (10). Alternatively, PNAS may bind at the hPR-A 
start site prior to the initiation of transcription from the hPR-B 
promoter and may act as roadblocks to stop further transcrip 
tion by polymerase. In either case, binding of agPNAS would 
block the ability of the RNA polymerase to transcribe a full 
length hPR-B transcript and inhibit formation of the preini 
tiation complex at the hPR-A promoter. 
0066 Experiments that describe the effects of antisense 
oligonucleotides, PNAS, or siRNAs must be well-controlled 
to Support the conclusion that observed phenotypes are due to 
binding the intended target. To demonstrate that inhibition 
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was due to recognition of the target chromosomal sequences 
by P1-P4, we performed several control experiments. Mis 
match-containing PNAP4mm, PNAP5 that was complemen 
tary to luciferase mRNA (23), and PNAP6 that was comple 
mentary to caveolin-1 mRNA (24) did not inhibit hPR 
expression. The observed inhibition of hPR gene expression 
by four agPNAs (P1-P4) directed to the template DNA strand, 
and the lack of inhibition by three PNAs (P5-P7) that are not 
complementary to hPR indicates that the inhibition of hPR 
expression we observe is due to recognition of their intended 
chromosomal targets by agPNAS P1-P4. As noted above, the 
PNAs were not complementary to mRNA and were not 
expected to inhibit expression by an antisense mechanism. 
0067 Treatment with agPNAS Reduces Levels of hPR 
mRNA. To further support the conclusion that agPNAS P1-P4 
were acting by an antigene mechanism, we measured relative 
hPRRNA levels using quantitative PCR. We observed dimin 
ished levels of hPR-B and hPR-A RNA, reflecting the 
reduced protein levels observed by Western analysis. Treat 
ment with agPNAs did not change the levels of mRNAs 
encoding androgen receptor, GAPDH, or cyclophilin. 
0068 Time Dependence for agPNA, Antisense PNA, and 
siRNA Knock-Down Strategies. To further characterize agP 
NAS, we examined the efficiency of inhibition at varying 
times after transfection. AgPNAS P2 and P4 required more 
than 6 days before inhibition of hPR became apparent. By 
contrast, an siRNA targeted to hPR-B mRNA produced effi 
cient inhibition after only 2 days. PNAP4mm and mismatch 
containing siRNAS2mm did not inhibit expression of hPR at 
any time point. 
0069 siRNAs act through the RNA induced silencing 
complex (RISC) to cleave mRNA, whereas agPNAS would be 
expected to leave the pre-transfection pool of mRNA intact. 
Therefore, the observation that inhibition by agPNAs require 
more time than an siRNA may be explained by the fact that 
agPNAS do not block protein synthesis from preexisting 
mRNA. Alternatively, recognition of DNA by agPNAS is 
probably independent of cellular proteins, whereas recogni 
tion of mRNA by siRNAs is facilitated by RISC. Therefore, it 
is possible that recognition of chromosomal DNA in the 
nucleus may require more time for agPNAS because agPNAs 
cannot take advantage of highly evolved protein cofactors to 
locate target sequences. 
0070 Potency of Antigene Inhibition. To evaluate the effi 
ciency of inhibiting hPR expression by agPNAS, we exam 
ined the dose response profile for agPNAP2 at concentrations 
ranging from 0 to 200 nM and compared it to the profiles for 
antisense PNA P7 targeted to hPR-B mRNA, and siRNA S2 
targeted to hPR-B mRNA. PNA P2 inhibited expression of 
hPR at concentrations as low as 25 nM, a potency similar to 
that achieved by antisense PNAP7 or siRNAS2. Potencies of 
inhibition by agPNAS P1, P3, P4 were similar to P2. A mis 
match analog of PNAP7, PNAP7mm (Table 1), was tested as 
an additional control and did not inhibit hPR expression. 
(0071 Relationship Between Expression of hPR-B and 
hPR-A. A striking feature of our data is the observation that 
agPNAS P1 and P2 inhibit expression of hPR-A, even though 
the target sites for P1 or P2 are approximately 760 bases 
upstream from the transcriptional start site for hPR-A. This 
finding indicates that binding of agPNAS P1 and P2 to the 
transcription start site of hPR-B exerts a powerful but unex 
pected effect on expression of hPR-A. 
(0072 To characterize the linkage between hPR-B and 
hPR-A expression we graphed our data obtained using agP 
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NAS P1 and P2. We compared this graph to data obtained 
using antisense PNA P7 targeted to the mRNA encoding 
hPR-B, siRNAs S1 and S2 targeted to hPR-B mRNA, and 
siRNAs S3 and S4 that were complementary to sequences 
found within both hPR-B and hPR-A mRNA. 
0073. The graphs describing inhibition by antisense PNA 
P7 and siRNAs S1 and S2 were similar. They revealed that the 
level of hPR-A inhibition increased abruptly as the level of 
hPR-B inhibition surpassed 90%. This abrupt transition is 
also apparent from visual inspection of the hPR-B and hPR-A 
protein levels. One explanation for the changing ratio of 
hPR-B and hPR-A is that a feedback mechanism exists to 
balance their expression. When hPR-B levels are dramati 
cally reduced, the levels of hPR-A also decrease. The abrupt 
transition in isoform ratios has practical advantages because 
almost complete inhibition of hPR-B can be accompanied by 
nearly normal levels of hPR-A expression. This ability to 
selectively inhibit hPR-Ballows investigation into the role of 
hPR-A in cells. 
0074 Demonstrating that subtle phenotypes are due to 
specific binding to the intended target is a key challenge for 
any gene silencing technology. The need to overcome this 
challenge makes the similar linkage profiles revealed by an 
siRNA and a antisense PNA especially significant. Antisense 
PNAS act by a different mechanism than do siRNAs, have 
dramatically different chemical properties, and would not be 
expected to produce similar off-target effects. Improper regu 
lation of the ratio between hPR-B and hPR-A has been noted 
in some types of breast cancer (20), and the finding that two 
different RNA-directed knockdown methods produce the 
same phenotype reinforces the conclusion that coregulation 
of hPR-B and hPR-A represents a real biological feedback 
mechanism rather than an artifact. 
0075. In striking contrast to the exponential appearance of 
the graphs describing inhibition of hPR-B and hPR-A after 
treatment with anti hPR-B siRNAs or an antisense PNA, the 
graph relating the effects of treatment with agPNAP1 and P2 
appears linear. Antigen PNAs that bind to the transcription 
start site for hPR-B also inhibit the initiation of transcription 
760 bases away at the start site for hPR-A. It is possible that 
binding to the transcriptional start of hPR-B might disrupt 
important regulatory sequences for hPR-A. Alternatively, 
binding to the start site of hPR-B might interfere with RNA 
polymerase and obstruct its ability to scan the chromosome 
and locate the start site for hPR-A. Either explanation indi 
cates inhibition of hPR-B and hPR-A would be directly 
linked. The finding that agPNAS targeting the hPR-B pro 
moter produce different effects than do knock-down strate 
gies that are directed against hPR-B mRNA is an example of 
how agPNAS can be used to obtain novel insights into gene 
expression that cannot be obtained using mRNA-directed 
strategies alone. 
0076. The graph of inhibition by agPNAS targeting hPR-B 
was similar to a graph describing inhibition by siRNAS S3 
and S4 that targets a sequence within both hPR-B and hPR-A 
mRNA. A straightforward explanation for the linear relation 
ship yielded by S3 and S4 is that the siRNAs bind to target 
sequences that are found within both isoforms causing the 
hPR-B and hPR-A mRNAs to be equally susceptible to 
RNAi. 

0077. Inhibition of hPR Expression Affects the Morphol 
ogy of T47D Cells. During our routine visualization of cells 
under low magnification we noted an alteration in the mor 
phology of T47D cells treated with agPNAS or siRNAs tar 
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geted-against hPR. To further investigate this phenomenon 
we treated cells to inhibit hPR and examined living cells at 
higher magnification (63x) using confocal microscopy. Cells 
were untreated, transfected with mismatch agPNA P4mm, 
transfected with agPNA P4, or transfected with siRNA S4 
that targets hPR-B and hPR-A mRNA. 
0078. Untreated cells or cells treated with mismatch-con 
taining PNA P4mm exhibited a normal, flattened morphol 
ogy. Normal morphology was also observed in cells treated 
with noncomplementary PNA P5, noncomplementary siR 
NAS, or lipid alone. By contrast, cells treated with agPNA4 or 
siRNAS4 exhibited a rounded shape and rose higher above 
the plate. Measurements indicated an increase in height of 
approximately two-fold. A similar increase in cell height was 
obtained using PNAS 1-3 and siRNA S3. 
007.9 The observation that chromosome-directed agPNAs 
and mRNA-directed siRNAs produce the same cellular mor 
phology, whereas various mismatch-containing or non 
complementary siRNAs and PNAS do not, supports the con 
clusion that the increased cell height is due to reduction of 
hPR expression. The similarity of results using siRNAs and 
agPNAS to investigate an unexpected phenotype further dem 
onstrates once again the value of using knockdown strategies 
in tandem to validate novel observations. 
0080. As might be expected from the dramatic nature of 
the phenotype, rates of proliferation of cells treated with 
agPNAS, siRNAs, or antisense PNAs that were complemen 
tary to hPR were reduced relative to untreated cells or cells 
treated with noncomplementary control oligomers. However, 
the cells with reduced levels of hPR continued to adhere to 
cell culture dishes, divide, and could be maintained in culture 
indefinitely. Analysis of the cells using Fluorescence Assisted 
Flow Cytometry (FACS) showed no increase in apoptotic 
cells with reduced levels of hPR and no alteration in the 
distribution of cells within the cell cycle. 
I0081. The increased cell height that we observe is similar 
to morphology recently noted in cells that have increased 
expression of eZrin, a protein that links actin and the mem 
brane proteins and that may play an important role in tumor 
metastasis (27.28). This observation is relevant to our work 
because studies have linked ezrin with altered expression of 
hPR-B and hPR-A (29). To investigate possible involvement 
of ezrin in the observed phenotype we measured ezrin levels 
in cells treated with agPNAS P1-P4. Ezr-in RNA levels 
increased by up to 8-fold upon treatment with P1-P4, but were 
unchanged in cells treated with mismatch PNA P4mm. 
Upregulation of eZrin upon reduction of hPR levels is consis 
tent with the suggestion that hPR contributes to the mainte 
nance of normal cytoskeletal structures by either directly or 
indirectly controlling ezrin levels. 
I0082 Target Sequences for agPNAs. Our results indicate 
that PNAS can bind to chromosomal DNA at the transcription 
start site and inhibit gene expression. 

EXAMPLE 2 

Inhibition of Human Progesterone Receptor (hPR), 
Human Major Vault Protein (MVP), and Human 

Androgen Receptor (haR) Expression by 
Double-Stranded Antigene RNA (agRNA) Iligomers 
Targeting the Open Complex in Chromosomal DNA 

I0083) We initially assayed agRNAs PR2, PR9, and PR24 
(Table 2). Addition of these agRNAs to cells reduced protein 
and RNA levels. agRNAS PR9 and PR24 inhibited expression 
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of both hPR-B and hPR-A even though the transcription start 
of hPR-A is approximately 760 bases away from the target 
site. The observed dependence of hPR-A levels on hPR-B 
expression is in agreement with results using antisense PNAS, 
antigene PNAS, and siRNAs that target hPR-B (see Example 
1) and reflects a linkage between the expression of hPR-B and 
hPR-A. agRNAs that were not complementary to hPR did not 
affect hPR expression. Expression of actin, cyclophilin, and 
GADPH was unchanged. In all cases, agRNAs were intro 
duced into T47D breast cancer cells by standard transfection 
methods using Oligofectamine. 

0084. A dose response profile for inhibition of hPR 
expression by agRNA 9 indicated an ICs value of -2.5 nM. 
This ICso value was slightly better than those obtained using 
an anti-hPR-B siRNA (12 nM), an antisense PNA (12 nM), or 
antigene PNAs (25 nM). An agRNA containing just one 
mutation maintained some ability to inhibit gene expression, 
but all the other mutant agRNAs were inactive (see Table 2). 
Addition of 5-aza-dC or TSA had no effect on the inhibition 
that we observe, demonstrating that methylation is not nec 
essary for inhibition of gene expression by agRNAs that 
target the transcription start site of hPR. 
0085. We then assayed agRNAs that targeted sequences 
throughout the -49 to +17 region (Table 2) at concentrations 
of 25 or 100 nM. Two groups of agRNAS PR7-10, PR13, and 
PR24, PR26 were the most active towards inhibition of hPR 
(Table 2). Each of these agRNAs partially overlaps the -9 to 
+2 region implicated in open complex formation. 

ID Sequence 
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I0086 agRNAs 11 and 25 were not inhibitors even though 
they were bracketed by potent inhibitors 10 and 12, or 24 and 
26, though these sixagRNAS had similar melting temperature 
values. 
I0087 To determine whether agRNAs that were targeted to 
transcription start sites could inhibit the expression of other 
genes we designed agRNAS to be complementary to the start 
sites for human major vault protein (MVP) (Langeetal, 2000) 
and human androgen receptor (haR) (Tilley et al., 1990). For 
MVP and haR the agRNA targeting the -9 to +10 region 
inhibited gene expression. siRNAS that lacked complemen 
tarity to these targets were not inhibitors. As observed with 
hPR, agRNAs that were targeted to adjacent sequences within 
the AR promoter also silenced expression. These data indi 
cate that the ability to target agRNAs to transcriptional start 
sites is a general phenomenon that can be applied to multiple 
genes. 
I0088 Cells treated with hAR agRNAs grew as well as 
untreated control cells. Inhibition of hAR expression peaked 
at five days after transfection and had fully recovered by day 
10. The recovery of expression is similar to time course data 
from standard mRNA-directed RNAs. The finding that 
expression is only transiently silenced further indicates that 
methylation is not occurring. 
I0089. In Table 2, only one strand (5' to 3') of each agRNA 
is shown. Additionally, the agRNAs had 3'-dithymidine over 
hangs on each strand. Bases in MM1-MM4 that are mis 
matched (mm) relative to the target hPR gene are underlined. 
All experiments were repeated multiple times and values are 
averages. ni no significant inhibition (measured values 
<20%). 

TABL E 2 

Target & Inhibition 

Site 100 nM 25 nM 

Mismatch containing duplex RNAs based on PR9 

MM1 UGUCUGGGCAGUCCACAGC (SEQ ID NO: 15) 91/67 75/53 

MM2 UGUCUCGCCAGUCGACAGC (SEQ ID NO: 16) ni/ni 

MM3 UCUCUGGGCAGUCCAGAGC (SEQ ID NO: 17) ni/ni 

MM4 a UCUCUCGCCAGUGCACACC (SEQ ID NO: 18) ni/ni 

MM4 UCUCUCGCGAGUCCACAGC (SEQ ID NO : 19) ni/ni 

agRNAs that are fully complementary to hPR 

PR2 CCAGUCCACAGCUGUCACU (SEO ID NO: 2O) -2A17 86/56 38/27 

PR6 CUGGCCAGUCCACAGCUGU (SEO ID NO: 21) -6/+13 71/26 ni/ni 

PRf UCUGGCCAGUCCACAGCUG (SEO ID NO: 22) -7A+12 1OO/97 5O/38 

PR8 GUCUGGCCAGUCCACAGCU (SEO ID NO. 23) -8/+11 88/67 73/67 

PR9 UGUCUGGCCAGUCCACAGC (SEO ID NO. 24) -9/+10 1OO/95 88/79 

PR1O CUGUCUGGCCAGUCCACAG (SEO ID NO: 25) -10 /+9 1OO/99 55/50 

PR11 GCUGUCUGGCCAGUCCACA (SEO ID NO: 26) -11/+8 28/ni ni/ni 

PR12 AGCUGUCUGGCCAGUCCAC (SEO ID NO: 27) -12/+7 87/63 4 OA34 

PR13 AAGCUGUCUGGCCAGUCCA (SEO ID NO: 28) -13/+6 1 OOA1OO 8O/72 

PR14 AAAGCUGUCUGGCCAGUCC (SEO ID NO : 29) -14/+5 ni/ni ni/ni 

PR19 GUUAGAAAGCUGUCUGGCC (SEO ID NO : 3 O) -19/-1 ni/ni ni/ni 
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Target & Inhibition 

ID Sequence Site 100 nM 25 nM 

PR22 GUUGUUAGAAAGCUGUCUG (SEO ID NO : 31) -22A-3 ni/ni ni/ni 

PR23 CGUUGUUAGAAAGCUGUCU (SEO ID NO : 32) -23/-4 26/29 ni/ni 

PR24 GCGUUGUUAGAAAGCUGUC (SEO ID NO : 33) -24A-5 96/88 68/62 

PR25 GGCGUUGUUAGAAAGCUGU (SEQ ID NO: 34) -25A-6 ni/ni ni/ni 

PR26 AGGCGUUGUUAGAAAGCUG (SEQ ID NO: 35) -26/-7 99/8O 73/57 

PR29 AGGAGGCGUUGUUAGAAAG (SEQ ID NO: 36) -29/-10 68/52 34/ni 

PR34 AGAGGAGGAGGCGUUGUUA (SEQ ID NO: 37) -34/-15 ni/ni ni/ni 

PR39 UCCCUAGAGGAGGAGGCGU (SEQ ID Nb : 38) -39/-2O 48/41 ni/ni 

PR44 GGGCCUCCCUAGAGGAGGA (SEQ ID NO: 39) -44A-25 ni/ni ni/ni 

PR49 GGGCGGGGCCUCCCUAGAG (SEQ ID NO: 40) - 49/-3 O 52/45 36Ani 

DNA duplexes that are fully complementary to hPR 

DNA 9-1 TGTCTGGCCAGTCCACAGCTT (SEO ID NO: 41) -9/+1O ni/ni 

DNA 9-2 TGTCTGGCCAGTCCACAGC (SEO ID NO: 42) -9/+1O ni/ni 

agRNAs that are fully complementary to MVP 

MVP6 CUCAGAUGGGGAACUCUCA (SEQ ID NO: 43) -6/+13 81 

MVP9 AGAUGGGGAACUCUCACCC (SEQ ID NO: 44) -9/+1O 91 

MVP14 GGGAACUCUCACCCUGCCU (SEO ID NO: 45) -14/+5 ni 

MVPRNA UAGGAGUCACCAUGGCAAC (SEO ID NO : 46) 99 

MVRSCR GUUGCCAUGUCCUAGUGAC (SEO ID NO : 47) ni 

agRNAs that are fully complementary to AR 

AR8A CACCUCCCAGCGCCCCCUC (SEO ID NO : 48) -8A+9 1OO 

AR9A CCACCUCCCAGCGCCCCCU (SEO ID NO : 49) -9/+1O 82 

AR1OA UCCACCUCCCAGCGCCCCC (SEO ID NO: 5O) -10/+9 34 

AR11A GGGGCGCUGGGAGGUGGAG (SEQ ID NO: 51) -11/+8 39 

AR12A UCUCCACCUCCCAGCGCCC (SEO ID NO : 52) -12/+7 ni 

AR13A CUCUCCACCUCCCAGCGCC (SEO ID NO : 53) -13/+6 1OO 

AR14A GCUCUCCACCUCCCAGCGC (SEO ID NO. 54) -14/+5 92 

0090. Several lines of evidence support the conclusion that 0091. A necessary function of the protein machinery 
the silencing we observe is due to recognition of chromo 
somal DNA: 1) agRNAs that are directed to transcription start 
sites of three different genes silence their respective target; 2) 
siRNAS that are not complementary to the target genes do not 
affect their expression; 3) agRNAs that target hPR reduce 
levels of hPR-B and hPR-A protein equally. The same out 
come is obtained using antigene PNAS that target the same 
site. By contrast, siRNAs or antisense PNAs that target a site 
within hPR-B mRNA that is only 100 bases downstream from 
the target of siRNA PR9 can selectively inhibit hPR-B. The 
common outcome obtained using agPNAS and agRNAS indi 
cates that they share a mechanism of action, i.e. blocking the 
transcription start site; 4) inhibition is dose dependent, potent, 
and reproducible. 

involved in RNA-directed methylation is pairing of RNA with 
complementary DNA sequences. Our results indicate that 
these proteins can also pair RNA with sequences that are not 
within CpG islands. 
0092 Recognition of DNA sequences that are function 
ally important, like transcriptional start sites, disrupts critical 
interactions and leads to silencing independent of methyla 
tion. Our results lead to significant additional uses foragRNA 
as a tool for silencing gene expression in mammalian cells 
that are not possible with anti-mRNA siRNAs. For example, 
some genes are resistant to inhibition by standard mRNA 
directed siRNAs, and thus transcription inhibition can instead 
be achieved by agRNAs. Also it can be difficult to success 
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fully target every isoform of a gene with complex splicing. 
agRNAS have an advantage in that they abolish expression of 
each isoform equally. 

EXAMPLE 3 

Double-Stranded RNA Targeting the Open Complex 
of VEGF Inhibits Choroidal Neovascularization 

0093 Laser-induced choroidal neovascularization (CNV) 
in the mouse is a model forage-related macular degeneration 
(AMD). In this example we use methodology adapted from 
Reich et al (2003) to demonstrate that dsRNAs targeting the 
open complex of VEGF can inhibit choroidal neovasculariza 
tion in a mouse model of age-related macular degeneration. 
0094. The agRNAs are designed to target the open com 
plex region of the mouse vascular endothelial growth factor 
(VEGF) gene. The promoter region of the mouse VEGF gene 
has been characterized (see e.g. Shima et al., 1996); the tran 
scription start site is at position 1218 in the published 
sequence (GenBank Accession no. U41383.1). 19-mer agR 
NAS complementary to the template strand are synthesized 
and purified; exemplary agRNAs are shown in Table 3 (sec 
ond strand and dinucleotide overhangs not shown). 

TABLE 3 

agRNAs that are fully complementary to mVEGF 

mV7 GGUGAGAAGCGCAGAGGCU (SEQ ID NO: 55) -7A+12 

mW8 CGGUGAGAAGCGCAGAGGC (SEQ ID NO: 56) -8/+11 

mW9 CCGGUGAGAAGCGCAGAGG (SEQ ID NO: 57) -9/+10 

mW10 ACCGGUGAGAAGCGCAGAG (SEQ ID NO: 58) -10A+9 

mW15 CUGUUACCGGUGAGAAGCG (SEQ ID NO: 59) -15 ?+4 

mW19 ACCGCUGUUACCGGTGAGA (SEQ ID NO: 6O) -19/-1 

mW24 CUUCCACCGCUGUUACCGG (SEO ID NO : 61) -24/-6 

0095 Animal experiments are performed in accordance 
with institutional guidelines for the care and use of animals in 
research. Adult (8-15 week old) female C57B1/6 mice are 
anesthetized with avertin (2.2.2-tribromoethanol) and pupils 
are dilated with 1% tropicamide. Laser photocoagulation is 
performed bilaterally using a diode laser photocoagulator 
(IRIS Medical, Mountain View, Calif.) and slit lamp system 
with a cover slip as a contact lens. Laser photocoagulation 
(140 mW. 75 um spot size, 0.1 s duration) is applied to the 8 
and 10 o'clock positions in the right eye and 2 and 4 o'clock 
positions in the left eye, 2 to 3 disk diameters from the optic 
nerve. Since the rupture of Bruch's membrane is necessary to 
create significant CNV, bubble formation at the time of pho 
tocoagulation is used as an indication of the rupture of 
Bruch's membrane. Laser burns that do not induce a rupture 
in Bruch's membrane are excluded from the study. Lesions in 
which two laser spots become confluent are also excluded 
from the study. 
0096 agRNAs are delivered by subretinal injection to the 
retinal pigment epithelium (RPE) of mice 36 h after laser 
treatment to achieve ocular concentrations of 2 nM, 25 nM, 
100 nM, and 250 nM. The areas of mV agRNA injection 
encompass all of the laser spots as well as untreated retina 
adjacent to the spots. Contralateral eyes receive control 
siRNA in which the mV siRNA is modified to have 4 mis 
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matches of C to G or G to C. The mice are perfused with 
dextran-fluorescein 14 days after the laser treatment, the time 
of maximal neovascularization, and the areas of neovascular 
ization are measured using digital image capture around the 
burn spots. The locations of the neovascular areas should 
exactly coincide with the sites initially exposed to laser. 
Neovascularization should not be observed in portions of the 
retina that have not been exposed to laser. agRNAs are deter 
mined to be effective inhibitors of VEGF transcription infer 
entially by detecting a resultant decrease in the area of 
neovascularization by at least 50% compared to control 
treated spots, showing that agRNA targeting mVegf is 
capable of inhibiting CNV in the laser photocoagulation 
model. 

EXAMPLE 4 

Double-Stranded RNA Targeting the Open Complex 
of VEGF Inhibits Age-Related Macular 

Degeneration 

0097. The promoter region of the human VEGF gene has 
been characterized (see e.g. Tischer et al., 1991). The tran 
scription start site is at position 2363 in the published 
sequence (GenBank Accession no. AF095785.1). 19-mer 
agRNAS complementary to the template strand and targeting 
the open complex region (-50 to +25, where transcription 
start is +1) are prepared; exemplary agRNAS are shown in 
Table 3 (second strand and dinucleotide overhangs not 
shown). 

TABLE 4 

agRNAs that are fully complementary to hVEGF 

hW2 gaucgcggaggcuuggggc (SEQ ID NO: 62) -2A+17 

hW6 ggaggaucgcggaggculug (SEQ ID NO: 63) -6/+13 

hy7 gggaggaucgcggaggcuu (SEQ ID NO: 64) -7A+12 

hW8 ggggaggaucgcggaggcu (SEQ ID NO: 65) -8/+11 

hW9 cggggaggaucgcggaggc (SEQ ID NO: 66) -9/+10 

hV10 gCdgggaggaucgcggagg (SEQ ID NO: 67) -10/+9 

W11 agcggggaggaucgcggag (SEQ ID NO: 68) -11/+8 

W12 uagcggggaggaucgcgga (SEQ ID NO: 69) -12/+7 

hW13 guagcggggaggaucgcgg (SEQ ID NO: 70) -13/+6 

W14 gguagcggggaggaucgcg (SEQ ID NO: 71) -1.4/+5 

hV15 lugguagcggggaggaucgc (SEQ ID NO: 72) -15/+4 

hV19 ucggcugguagcggggagg (SEQ ID NO: 73) -19/-1 

W24 aaaagucggcugguagcgg (SEQ ID NO: 74) -24/-6 

hV25 uaaaagucggcugguagcg (SEQ ID NO: 75) -25/-7 

hV30 uuuuuaaaagucggcuggu (SEQ ID NO: 76) -30/-12 

hV35 uuuuuuuuuuaaaagucgg (SEQ ID NO: 77) -35/-17 

hW4 O ccc.ccuuuuuuuuuuaaaa (SEQ ID NO: 78) -40/-22 

hW45 cgc.cccccccuuuuuuuuu (SEQ ID NO: 79) -45/-27 

hW49 caugcgc.ccc.ccccuuuuu (SEQ ID NO: 80) -49/-31 
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0098. The effect of each agRNA on inhibition of VEGF 
gene transcription is initially determined in primary human 
umbilical vein cells (HUVECs). Resultant VEGF gene tran 
scription inhibition is detected inferentially from decreases in 
cell proliferation and/or directly by measuring decreases in 
VEGF gene transcripts relative to controls. agRNA treatment 
resulting in at least 80% inhibition is evaluated in subsequent 
clinical studies. 
0099. In this example, the safety and efficacy of agRNA 
therapy is evaluated in a clinical study adapted from an ongo 
ing clinical study by Gragoudas, et al. at the Massachusetts 
Eye and Ear Infirmary, and entitled Anti-angiogenic Therapy 
with Macugen for Patients with Choroidal Neovasculariza 
tion Due to Age-Related Macular Degeneration (AMD). 
Patients eligible for this trial have primary subfoveal CNV 
that is not amenable to laser treatment; no other ocular disease 
which might compromise visual acuity; no prior participation 
in other studies of investigational drugs within 3 months of 
enrollment to treat AMD. Intravitreal injections of agRNA at 
dosages developed in animal studies (see e.g. Example III, 
Supra) are given at six week intervals. Patients receive one of 
3 doses of an agRNA or a sham injection every six weeks for 
54 weeks. A subset of patients is randomized at the end of the 
period to continue injections for another 48 weeks. 
0100. The foregoing examples and detailed description 
are offered by way of illustration and not by way of limitation. 
All publications and patent applications cited in this specifi 
cation are herein incorporated by reference as if each indi 
vidual publication or patent application were specifically and 
individually indicated to be incorporated by reference. 
Although the foregoing invention has been described in some 
detail by way of illustration and example for purposes of 
clarity of understanding, it will be readily apparent to those of 
ordinary skill in the art in light of the teachings of this inven 
tion that certain changes and modifications may be made 
thereto without departing from the spirit or scope of the 
appended claims. 
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SEQUENCE LISTING 

<16 Os NUMBER OF SEO ID NOS: 8O 

<21 Os SEQ ID NO 1 
&211s LENGTH: 19 
&212s. TYPE: DNA 
<213> ORGANISM: artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligomer 

<4 OOs SEQUENCE: 1 

ccagt ccaca gctgtcact 

<21 Os SEQ ID NO 2 
&211s LENGTH: 19 
&212s. TYPE: DNA 
<213> ORGANISM: artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligomer 

<4 OOs SEQUENCE: 2 

tgtctggcca gtc.cacagc 

<21 Os SEQ ID NO 3 
&211s LENGTH: 19 
&212s. TYPE: DNA 
<213> ORGANISM: artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligomer 

<4 OOs SEQUENCE: 3 

tgagctgaag gCaaagggit 

<21 Os SEQ ID NO 4 
&211s LENGTH: 19 
&212s. TYPE: DNA 
<213> ORGANISM: artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligomer 

<4 OOs SEQUENCE: 4 

tdatgactga gctgaaggc 

<21 Os SEQ ID NO 5 
&211s LENGTH: 19 
&212s. TYPE: DNA 
<213> ORGANISM: artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligomer 

<4 OOs SEQUENCE: 5 

to acgaccga gttgatggc 

<21 Os SEQ ID NO 6 
&211s LENGTH: 19 
&212s. TYPE: DNA 
<213> ORGANISM: artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligomer 

Summerton and Weller (1997) Antisense Nucleic 

Takai and Jones (2002) Proc Natl Acad Sci USA. 
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<4 OOs, SEQUENCE: 6 

cacgattittctgcatgttt 

<210s, SEQ ID NO 7 
&211s LENGTH: 19 
&212s. TYPE: DNA 
<213> ORGANISM; artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligomer 

<4 OO > SEQUENCE: 7 

tgcc.cccaga catgctggc 

<210s, SEQ ID NO 8 
&211s LENGTH: 19 
&212s. TYPE: DNA 
<213> ORGANISM; artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligomer 

<4 OOs, SEQUENCE: 8 

catgacgact ggactic ccc 

<210s, SEQ ID NO 9 
&211s LENGTH: 19 
&212s. TYPE: DNA 
<213> ORGANISM; artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligomer 

<4 OOs, SEQUENCE: 9 

cittgaccact gcactic cqc 

<210s, SEQ ID NO 10 
&211s LENGTH: 19 
212. TYPE : RNA 

<213> ORGANISM; artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligomer 

<4 OOs, SEQUENCE: 10 

aluga Cugagc luga aggcaa. 

<210s, SEQ ID NO 11 
&211s LENGTH: 19 
212. TYPE : RNA 

<213> ORGANISM; artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligomer 

<4 OOs, SEQUENCE: 11 

ggggaglucca glucgulcallg 

<210s, SEQ ID NO 12 
&211s LENGTH: 19 

212. TYPE : RNA 
<213> ORGANISM; artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligomer 

<4 OOs, SEQUENCE: 12 

gcggaglugca glugglucaag 

13 

- Continued 

19 

19 

19 

19 

19 

19 

19 

Dec. 10, 2015 



US 2015/0353936 A1 

<210s, SEQ ID NO 13 
&211s LENGTH: 19 
212. TYPE : RNA 

<213> ORGANISM; artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligomer 

<4 OOs, SEQUENCE: 13 

gguguugu.cc cc.gcucaug 

<210s, SEQ ID NO 14 
&211s LENGTH: 19 
212. TYPE : RNA 

<213> ORGANISM; artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligomer 

<4 OOs, SEQUENCE: 14 

aluggaagggc agcacaiacul 

<210s, SEQ ID NO 15 
&211s LENGTH: 19 
212. TYPE : RNA 

<213> ORGANISM; artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligomer 

< 4 OO SEQUENCE: 15 

lugu.clugggca gluccacagc 

<210s, SEQ ID NO 16 
&211s LENGTH: 19 
212. TYPE : RNA 

<213> ORGANISM; artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligomer 

<4 OOs, SEQUENCE: 16 

lugucucgc.ca glucgacagc 

<210s, SEQ ID NO 17 
&211s LENGTH: 19 
212. TYPE : RNA 

<213> ORGANISM; artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligomer 

<4 OOs, SEQUENCE: 17 

ulcucugggca gluccagagc 

<210s, SEQ ID NO 18 
&211s LENGTH: 19 
212. TYPE : RNA 

<213> ORGANISM; artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligomer 

<4 OOs, SEQUENCE: 18 

ulcucucgc.ca gugcacacc 

<210s, SEQ ID NO 19 
&211s LENGTH: 19 

14 

- Continued 

19 

19 

19 

19 

19 

19 
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212. TYPE : RNA 
<213> ORGANISM; artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligomer 

<4 OOs, SEQUENCE: 19 

ulcucucgcga gluccacagc 

<210s, SEQ ID NO 2 O 
&211s LENGTH: 19 
212. TYPE : RNA 

<213> ORGANISM; artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligomer 

<4 OOs, SEQUENCE: 2O 

ccaguccaca gCuguCacul 

<210s, SEQ ID NO 21 
&211s LENGTH: 19 
212. TYPE : RNA 

<213> ORGANISM; artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligomer 

<4 OOs, SEQUENCE: 21 

cluggccaguc Cacagclugu. 

<210s, SEQ ID NO 22 
&211s LENGTH: 19 
212. TYPE : RNA 

<213> ORGANISM; artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligomer 

<4 OOs, SEQUENCE: 22 

ulcuggccagul C cacagclug 

<210s, SEQ ID NO 23 
&211s LENGTH: 19 
212. TYPE : RNA 

<213> ORGANISM; artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligomer 

<4 OOs, SEQUENCE: 23 

gucluggc.cag luccacagdu. 

<210s, SEQ ID NO 24 
&211s LENGTH: 19 
212. TYPE : RNA 

<213> ORGANISM; artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligomer 

<4 OOs, SEQUENCE: 24 

lugu.cluggcca gluccacagc 

<210s, SEQ ID NO 25 
&211s LENGTH: 19 
212. TYPE : RNA 

<213> ORGANISM; artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligomer 

15 
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19 

19 

19 

19 

19 

19 

Dec. 10, 2015 



US 2015/0353936 A1 

<4 OOs, SEQUENCE: 25 

clugu.cluggcc aguccacag 

<210s, SEQ ID NO 26 
&211s LENGTH: 19 
212. TYPE : RNA 

<213> ORGANISM; artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligomer 

<4 OOs, SEQUENCE: 26 

gclugu.cluggc Caguccaca 

<210s, SEQ ID NO 27 
&211s LENGTH: 19 
212. TYPE : RNA 

<213> ORGANISM; artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligomer 

<4 OOs, SEQUENCE: 27 

agclugu.clugg C caguccac 

<210s, SEQ ID NO 28 
&211s LENGTH: 19 
212. TYPE : RNA 

<213> ORGANISM; artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligomer 

<4 OOs, SEQUENCE: 28 

aagclugu.clug gccagucca 

<210s, SEQ ID NO 29 
&211s LENGTH: 19 
212. TYPE : RNA 

<213> ORGANISM; artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligomer 

<4 OOs, SEQUENCE: 29 

aaag clugu cu ggccagucc 

<210s, SEQ ID NO 3 O 
&211s LENGTH: 19 
212. TYPE : RNA 

<213> ORGANISM; artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligomer 

<4 OOs, SEQUENCE: 30 

guluagaaagc lugu.cluggcc 

<210s, SEQ ID NO 31 
&211s LENGTH: 19 

212. TYPE : RNA 
<213> ORGANISM; artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligomer 

<4 OOs, SEQUENCE: 31 

guuguulagaa agclugu.clug 

16 

- Continued 
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<210s, SEQ ID NO 32 
&211s LENGTH: 19 
212. TYPE : RNA 

<213> ORGANISM; artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligomer 

<4 OOs, SEQUENCE: 32 

cguluguluaga aag clugucu. 

<210s, SEQ ID NO 33 
&211s LENGTH: 19 
212. TYPE : RNA 

<213> ORGANISM; artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligomer 

<4 OOs, SEQUENCE: 33 

gcguluguulag aaa.gclugu.c 

<210s, SEQ ID NO 34 
&211s LENGTH: 19 
212. TYPE : RNA 

<213> ORGANISM; artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligomer 

< 4 OO SEQUENCE: 34 

ggcgullgulla gaaagclugu 

<210s, SEQ ID NO 35 
&211s LENGTH: 19 
212. TYPE : RNA 

<213> ORGANISM; artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligomer 

<4 OOs, SEQUENCE: 35 

aggcgulugull agaaag.clug 

<210s, SEQ ID NO 36 
&211s LENGTH: 19 
212. TYPE : RNA 

<213> ORGANISM; artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligomer 

<4 OOs, SEQUENCE: 36 

aggagg.cgull gullagaaag 

<210s, SEQ ID NO 37 
&211s LENGTH: 19 
212. TYPE : RNA 

<213> ORGANISM; artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligomer 

<4 OO > SEQUENCE: 37 

agaggaggag gC9ulugulla 

<210s, SEQ ID NO 38 
&211s LENGTH: 19 

17 
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212. TYPE : RNA 
<213> ORGANISM; artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligomer 

<4 OOs, SEQUENCE: 38 

llccCulagagg aggagg.cgll 

<210s, SEQ ID NO 39 
&211s LENGTH: 19 
212. TYPE : RNA 

<213> ORGANISM; artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligomer 

<4 OOs, SEQUENCE: 39 

gggCCuccCll agaggagga 

<210s, SEQ ID NO 4 O 
&211s LENGTH: 19 
212. TYPE : RNA 

<213> ORGANISM; artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligomer 

<4 OOs, SEQUENCE: 4 O 

gggcggggcc ulcCCulaga.g 

<210s, SEQ ID NO 41 
&211s LENGTH: 21 
&212s. TYPE: DNA 
<213> ORGANISM; artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligomer 

<4 OOs, SEQUENCE: 41 

tgtctggcca gtccacagct t 

<210s, SEQ ID NO 42 
&211s LENGTH: 19 
&212s. TYPE: DNA 
<213> ORGANISM; artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligomer 

<4 OOs, SEQUENCE: 42 

tgtctggcca gtccacagc 

<210s, SEQ ID NO 43 
&211s LENGTH: 19 
212. TYPE : RNA 

<213> ORGANISM; artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligomer 

<4 OOs, SEQUENCE: 43 

Clucagaluggg gaa cucuca 

<210s, SEQ ID NO 44 
&211s LENGTH: 19 
212. TYPE : RNA 

<213> ORGANISM; artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligomer 

18 
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<4 OOs, SEQUENCE: 44 

agaluggggaa cucucaccc 

<210s, SEQ ID NO 45 
&211s LENGTH: 19 
212. TYPE : RNA 

<213> ORGANISM; artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligomer 

<4 OOs, SEQUENCE: 45 

gggaacucuC acc clugccu. 

<210s, SEQ ID NO 46 
&211s LENGTH: 19 
212. TYPE : RNA 

<213> ORGANISM; artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligomer 

<4 OOs, SEQUENCE: 46 

ulaggaguCaC cauggcaac 

<210s, SEQ ID NO 47 
&211s LENGTH: 19 
212. TYPE : RNA 

<213> ORGANISM; artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligomer 

<4 OOs, SEQUENCE: 47 

guugcCaugu cculagugac 

<210s, SEQ ID NO 48 
&211s LENGTH: 19 
212. TYPE : RNA 

<213> ORGANISM; artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligomer 

<4 OOs, SEQUENCE: 48 

caccucccag cqc ccc cuc 

<210s, SEQ ID NO 49 
&211s LENGTH: 19 
212. TYPE : RNA 

<213> ORGANISM; artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligomer 

<4 OOs, SEQUENCE: 49 

ccaccuccca gcgcc.cccu 

<210s, SEQ ID NO 50 
&211s LENGTH: 19 

212. TYPE : RNA 
<213> ORGANISM; artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligomer 

<4 OOs, SEQUENCE: 50 

luccaccuccc agcgcc.ccc 
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<210s, SEQ ID NO 51 
&211s LENGTH: 19 
212. TYPE : RNA 

<213> ORGANISM; artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligomer 

<4 OOs, SEQUENCE: 51 

gggg.cgclugg gaggluggag 

<210s, SEQ ID NO 52 
&211s LENGTH: 19 
212. TYPE : RNA 

<213> ORGANISM; artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligomer 

<4 OOs, SEQUENCE: 52 

ulcuccaccuc cca.gc.gc.cc 

<210s, SEQ ID NO 53 
&211s LENGTH: 19 
212. TYPE : RNA 

<213> ORGANISM; artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligomer 

< 4 OO SEQUENCE: 53 

cucuccaccu cccagogcc 

<210s, SEQ ID NO 54 
&211s LENGTH: 19 
212. TYPE : RNA 

<213> ORGANISM; artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligomer 

<4 OOs, SEQUENCE: 54 

gCucuccacc ulcc cagcgc 

<210s, SEQ ID NO 55 
&211s LENGTH: 19 
212. TYPE : RNA 

<213> ORGANISM; artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligomer 

<4 OO > SEQUENCE: 55 

ggugagaa.gc gCagaggcul 

<210s, SEQ ID NO 56 
&211s LENGTH: 19 
212. TYPE : RNA 

<213> ORGANISM; artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligomer 

<4 OOs, SEQUENCE: 56 

cgguga galag C9C agaggc 

<210s, SEQ ID NO 57 
&211s LENGTH: 19 
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212. TYPE : RNA 
<213> ORGANISM; artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligomer 

<4 OO > SEQUENCE: 57 

CC9gugagala gC9cagagg 

<210s, SEQ ID NO 58 
&211s LENGTH: 19 
212. TYPE : RNA 

<213> ORGANISM; artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligomer 

<4 OOs, SEQUENCE: 58 

accggugaga agcgcagag 

<210s, SEQ ID NO 59 
&211s LENGTH: 19 
212. TYPE : RNA 

<213> ORGANISM; artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligomer 

<4 OO > SEQUENCE: 59 

clugulla.ccgg lugagaa.gc.g 

<210s, SEQ ID NO 60 
&211s LENGTH: 19 
212. TYPE : RNA 

<213> ORGANISM; artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligomer 

<4 OOs, SEQUENCE: 60 

accgculgulua cc.ggugaga 

<210s, SEQ ID NO 61 
&211s LENGTH: 19 
212. TYPE : RNA 

<213> ORGANISM; artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligomer 

<4 OOs, SEQUENCE: 61 

culuccaccgc lugu ulaccgg 

<210s, SEQ ID NO 62 
&211s LENGTH: 19 
212. TYPE : RNA 

<213> ORGANISM; artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligomer 

<4 OOs, SEQUENCE: 62 

gall.cgcggag gCulugggg.c 

<210s, SEQ ID NO 63 
&211s LENGTH: 19 
212. TYPE : RNA 

<213> ORGANISM; artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligomer 
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<4 OOs, SEQUENCE: 63 

ggaggall.cgc ggaggculug 

<210s, SEQ ID NO 64 
&211s LENGTH: 19 
212. TYPE : RNA 

<213> ORGANISM; artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligomer 

<4 OOs, SEQUENCE: 64 

gggaggallcg C9gaggcull 

<210s, SEQ ID NO 65 
&211s LENGTH: 19 
212. TYPE : RNA 

<213> ORGANISM; artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligomer 

<4 OOs, SEQUENCE: 65 

ggggaggaluc gC9gaggcul 

<210s, SEQ ID NO 66 
&211s LENGTH: 19 
212. TYPE : RNA 

<213> ORGANISM; artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligomer 

<4 OOs, SEQUENCE: 66 

cggggaggall C9C9gaggc 

<210s, SEQ ID NO 67 
&211s LENGTH: 19 
212. TYPE : RNA 

<213> ORGANISM; artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligomer 

<4 OO > SEQUENCE: 67 

gcggggagga llc.gcggagg 

<210s, SEQ ID NO 68 
&211s LENGTH: 19 
212. TYPE : RNA 

<213> ORGANISM; artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligomer 

<4 OOs, SEQUENCE: 68 

agcggggagg all.cgcggag 

<210s, SEQ ID NO 69 
&211s LENGTH: 19 

212. TYPE : RNA 
<213> ORGANISM; artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligomer 

<4 OOs, SEQUENCE: 69 

lagoggggag gallcgcgga 
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<210s, SEQ ID NO 70 
&211s LENGTH: 19 
212. TYPE : RNA 

<213> ORGANISM; artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligomer 

<4 OO > SEQUENCE: 7 O 

gllagcgggga gall.cgcgg 

<210s, SEQ ID NO 71 
&211s LENGTH: 19 
212. TYPE : RNA 

<213> ORGANISM; artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligomer 

<4 OOs, SEQUENCE: 71 

ggllagcgggg aggall.cgc.g 

<210s, SEQ ID NO 72 
&211s LENGTH: 19 
212. TYPE : RNA 

<213> ORGANISM; artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligomer 

< 4 OO SEQUENCE: 72 

luggllagcggg gaggallcgc 

<210s, SEQ ID NO 73 
&211s LENGTH: 19 
212. TYPE : RNA 

<213> ORGANISM; artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligomer 

<4 OO > SEQUENCE: 73 

llcgg Cugglla gC9gggagg 

<210s, SEQ ID NO 74 
&211s LENGTH: 19 
212. TYPE : RNA 

<213> ORGANISM; artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligomer 

<4 OOs, SEQUENCE: 74 

aaaagllcggc luggllagcgg 

<210s, SEQ ID NO 75 
&211s LENGTH: 19 
212. TYPE : RNA 

<213> ORGANISM; artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligomer 

<4 OO > SEQUENCE: 75 

laaaagucgg Cuggllagcg 

<210s, SEQ ID NO 76 
&211s LENGTH: 19 
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212. TYPE : RNA 
<213> ORGANISM; artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligomer 

<4 OO > SEQUENCE: 76 

uuuuulaaaag ulcggculggu 

<210s, SEQ ID NO 77 
&211s LENGTH: 19 
212. TYPE : RNA 

<213> ORGANISM; artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligomer 

<4 OO > SEQUENCE: 77 

uuuuuuuuuu aaaagucgg 

<210s, SEQ ID NO 78 
&211s LENGTH: 19 
212. TYPE : RNA 

<213> ORGANISM; artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligomer 

<4 OO > SEQUENCE: 78 

CCCCCLll llllllaaaa. 

<210s, SEQ ID NO 79 
&211s LENGTH: 19 
212. TYPE : RNA 

<213> ORGANISM; artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligomer 

<4 OO > SEQUENCE: 79 

cgc.ccc.cc cc uluuluuluuluu 

<210s, SEQ ID NO 8O 
&211s LENGTH: 19 
212. TYPE : RNA 

<213> ORGANISM; artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligomer 

<4 OOs, SEQUENCE: 80 

caugcgcc cc ccccuuuuu. 

1. A method of methylase-independently inhibiting tran 
Scription of a gene in a mammalian cell, the method compris 
ing the steps of 

contacting the cell with a nucleic acid oligomer of 12-28 
bases complementary to a partially single-stranded tar 
get genomic sequence of the gene, whereby the tran 
Scription of the gene is subject to a resultant methylase 
independent inhibition; and 

detecting the resultant methylase-independent inhibition. 
2. The method of claim 1 wherein the target genomic 

sequence is selected from the group consisting of an AT-rich 
sequence, a cruciform loop, a G-quadruplex, a nuclease 
hypersensitive element (NHE), and an open complex region 
located between nucleotides -50 to +25 from the gene's 
transcription start site. 
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3-5. (canceled) 
6. The method of claim 1 wherein the target genomic 

sequence includes the transcription start site. 
7. The method of claim 1 wherein the oligomer is selected 

from the group consisting of a double-stranded RNA, a DNA, 
a peptide nucleic acid, and a morpholino. 

8. The method of claim 1 wherein the oligomer is a double 
Stranded RNA, and the target genomic sequence is not within 
a CpG island, and/or does not include a CG dinucleotide. 

9. (canceled) 
10. The method of claim 1 wherein the oligomer is a 

double-stranded RNA of 18-25 bases. 
11. The method of claim 1, wherein the oligomer is double 

Stranded RNA comprising a nucleotide having a 2' chemical 
modification. 
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12. The method of claim 1, wherein the oligomer is double 
Stranded RNA comprising a serum stability-enhancing 
chemical modification selected from the group consisting of 
a phosphorothioate internucleotide linkage, a 2'-O-methyl 
ribonucleotide, a 2'-deoxy-2'-fluoro ribonucleotide, a 
2'-deoxyribonucleotide, a universal base nucleotide, a 5-C- 
methyl nucleotide, an inverted deoxyabasic residue incorpo 
ration, and a locked nucleic acid. 

13. The method of claim 1 wherein the cell is a cultured cell 
in vitro. 

14. The method of claim 1 wherein the cell is in situ in a 
host. 

15. The method of claim 1 wherein the cell is a cultured cell 
in vitro, the oligomer is a double-stranded RNA of 18-25 
bases, and the cell is contacted with a composition compris 
ing the oligomer and a cationic lipid. 

16. The method of claim 1 wherein the cell is in situ in a 
host, the oligomer is a double-stranded RNA of 18-25 bases, 
and the cell is contacted with a composition consisting essen 
tially of the oligomer. 

17. The method of claim 1 wherein the contacting step is 
free of viral transduction. 

18. The method of claim 17 wherein the cell is contacted 
with a composition consisting essentially of the oligomer. 
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19. The method of claim 17 wherein the inhibition is at 
least 90%. 

20. The method of claim 1 wherein the oligomer is a 
double-stranded RNA of 18-25 bases, the inhibition is at least 
90%, and a single sequence of the gene is targeted. 

21. The method of claim 17 wherein the oligomer is not 
attached to a nuclear localization peptide. 

22. The method of claim 1 wherein the cell is contacted 
with a 1-100 nanomolar concentration of the oligomer. 

23. The method of claim 1 wherein the cell is a breast 
carcinoma cell and the gene encodes the human progesterone 
receptor, or wherein the cell is a breast carcinoma cell and the 
gene encodes the human androgen receptor, or wherein the 
cell is a retina cell and the gene encodes the vascular endot 
helial growth factor (VEGF). 

24-25. (canceled) 
26. A nucleic acid oligomer for methylase-independent 

inhibition of transcription of a human progesterone receptor 
gene, a human androgen receptor gene, or a human vascular 
endothelial growth factor gene, the oligomer comprising a 
nucleotide sequence of 12-28 bases complementary to a tar 
get sequence located between nucleotides -50 to +25 of the 
transcription start site of the gene. 

27-35. (canceled) 


