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HIGH POTENCY SIRNAS FOR REDUCING THE 
EXPRESSION OF TARGET GENES 

[0001] The present application claims the bene?t of US. 
Provisional Application Serial No. 60/353,332 ?led Feb. 1, 
2002, the entire text of Which is herein incorporated by 
reference. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The present invention relates to improved methods 
for making small interfering RNA (siRNA), improved 
siRNA made by such methods, their use in the modulation 
of gene expression in mammalian and other cell types and 
their use in medical therapies. 

[0004] 2. Description of Related Art 

[0005] RNA interference (RNAi) is a phenomenon in 
Which a double stranded RNA (dsRNA) speci?cally sup 
presses the expression of a gene bearing its complementary 
sequence. The phenomenon Was originally discovered in 
Caenorhabditis elegans by Fire and Mello (Fire et al., 1998). 
RNAi has since become a useful research tool for many 
organisms. Although the mechanism by Which dsRNA sup 
presses gene expression is not entirely understood, experi 
mental data provide important insights. In non-mammalian 
systems, it appears that longer dsRNA are processed into 
small, 21-23 nt dsRNAs by an enZyme containing RNase III 
motifs (Bernstein et al., 2001; Grishok et al., 2001; Hamilton 
and Baulcombe, 1999; Knight and Bass, 2001; Zamore et 
al., 2000). It has been theoriZed that the RNAi nuclease 
complex, called RNA-induced silencing complex (RISC), 
helps the small dsRNAs recogniZe complementary mRNAs 
through base-pairing interactions. FolloWing the siRNAs 
interaction With its substrate, the mRNA is targeted for 
degradation, perhaps by enZymes that are present in the 
RISC (Montgomery et al., 1998). 

[0006] Until recently, RNAi could only be used in non 
mammalian cells. This is because mammalian cells have a 
potent antiviral response pathWay that induces global 
changes in gene expression When the cells are challenged 
With long (>30 nucleotides) dsRNA molecules. This path 
Way has made it impossible to speci?cally suppress the 
expression of proteins in mammalian cells using the typical 
RNAi molecules, Which are hundreds of nucleotides long. 

[0007] Recently Elbashir et al. (2001) published a method 
to bypass the antiviral response and induce gene speci?c 
silencing in mammalian cells. Several 21 nucleotide (nt) 
dsRNAs With 2 nt 3‘ overhangs Were transfected into mam 
malian cells Without inducing the antiviral response. These 
small dsRNAs, referred to as small interfering RNAs (siR 
NAs) proved capable of inducing the speci?c suppression of 
target genes. In one set of experiments, siRNAs comple 
mentary to a luciferase gene Were co-transfected With a 

luciferase reporter plasmid into NIH3T3, COS-7, HeLaS3, 
and 293 cells. In all cases, the siRNAs Were able to spe 
ci?cally reduce luciferase gene expression. In addition, the 
authors demonstrated that siRNAs could reduce the expres 
sion of several endogenous genes in human cells. The 
endogenous targets Were lamin A/C, lamin B1, nuclear 
mitotic apparatus protein, and vimentin. The use of siRNAs 
to modulate gene expression in mammalian cells has noW 
been repeated at least tWice (Caplen et al., 2001; Hutvagner 
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et al., 2001). This technology has great potential as a tool to 
study gene function in mammalian cells and may lead to the 
development of pharmacological agents based upon siRNA. 

[0008] To realiZe this potential, siRNAs must be designed 
so that they are speci?c and effective in suppressing the 
expression of the genes of interest. Methods of selecting the 
target sequences, i.e. those sequences present in the gene or 
genes of interest to Which the siRNAs Will guide the 
degradative machinery, are directed to avoiding sequences 
that may interfere With the siRNA’s guide function While 
including sequences that are speci?c to the gene or genes. 
Typically, siRNA target sequences of about 21 to 23 nucle 
otides in length are most effective. This length re?ects the 
lengths of digestion products resulting from the processing 
of much longer RNAs as described above. 

[0009] The making of siRNAs to date has been through 
direct chemical synthesis or through processing of longer, 
double stranded RNAs through exposure to Drosophila 
embryo lysates or through an in vitro system derived from 
S2 cells. Use of cell lysates or in vitro processing may 
further involve the subsequent isolation of the short, 21-23 
nucleotide siRNAs from the lysate, etc., making the process 
someWhat cumbersome and expensive. Chemical synthesis 
proceeds by making tWo single stranded RNA-oligomers 
folloWed by the annealing of the tWo single stranded oligo 
mers into a double stranded RNA. Methods of chemical 
synthesis are diverse. Non-limiting examples are provided in 
US. Pat. Nos. 5,889,136; 4,415,732; 4,458,066, expressly 
incorporated herein by reference, and in Wincott et al. 
(1995). 
[0010] Elbashir and colleagues have published the proce 
dure that they use to design, prepare, and transfect siRNAs 
for mammalian RNAi experiments. (“The siRNA user 
guide” Aug. 26, 2001). Similar protocols and procedures are 
available in Dharmacon Technical Bulletin #003, July 2001. 
These guides recommend chemically synthesiZing tWo 
21-mer RNA oligomers With tWo deoxythymidines at the 3‘ 
terminus and 19 nucleotide complementary sequences. The 
tWo ribo-oligomers are mixed to alloW them to hybridiZe. 
The products are then mixed With a transfection agent and 
added to cell culture at concentrations of about 100 nM. The 
pamphlet further recommends that the selection of the target 
sequence should be constrained so that they begin With AA 
and end With TT, so that the AA and TT overhang sequences 
may be fashioned from the target sequence itself. The 
pamphlet indicates that the symmetric 3‘ overhangs aid the 
formation of approximately equimolar ratios of sense and 
antisense target RNA-cleaving siRNAs. 

[0011] Several further modi?cations to siRNA sequences 
have been suggested in order to alter their stability or 
improve their effectiveness. It is suggested that synthetic 
complementary 21mer RNAs having di-nucleotide over 
hangs (i.e. 19 complementary nucleotides +3‘ non-comple 
mentary dimers) may provide the greatest level of suppres 
sion, although actual data demonstrating this advantage is 
lacking. These protocols primarily use a sequence of tWo 
(2‘-deoxy)thymidine nucleotides as the dinucleotide over 
hangs. These dinucleotide overhangs are often Written as 
dTdT to distinguish them from the typical nucleotides 
incorporated into RNA. The literature has indicated that the 
use of dT overhangs is primarily motivated by the need to 
reduce the cost of the chemically synthesiZed RNAs. It is 
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also suggested that the dTdT overhangs might be more 
stable than UU overhangs, though the data available shoWs 
only a slight (<20%) improvement of the dTdT overhang 
compared to an siRNA With a UU overhang. 

[0012] To date, such chemically synthesiZed siRNAs are 
found to Work optimally When they are in cell culture at 
concentrations of 25-100 nM. Elbashir et al. used concen 
trations of about 100 nM to achieve effective suppression of 
expression in mammalian cells. Unfortunately, ribo-oligo 
mers are very expensive to chemically synthesiZe, making 
the procedure less appealing and not cost effective to many 
researchers and pharmaceutical companies. Furthermore, in 
foreseeable medical applications of siRNA, it Would be 
desirable to achieve target gene inhibition With as little 
siRNA as possible. Therefore, siRNAs that are still as 
effective, if not more so, at loWer concentrations Would be 
signi?cantly advantageous. There is therefore a need in the 
art for siRNAs that function at loWer concentrations to 
modulate or attenuate the expression of target genes. 

[0013] siRNAs have been most effective in mammalian 
cell culture at about 100 nM. In several instances, hoWever, 
loWer concentrations of chemically synthesiZed siRNA have 
been used. Caplen, et al. used chemically synthesiZed siR 
NAs at 18 nM. HoWever, Caplen used semi-quantitative 
RT-PCR to monitor reduction of transcripts. The semi 
quantitative nature of the assay makes unclear hoW great an 
effect this loW concentration of siRNA had on transcript 
levels. Hutvagner, et al. used chemically synthesiZed siR 
NAs at concentrations of 70 nM to elicit a response. 
Although less than 100 nM, 70 nM may still represent a 
substantially prohibitive concentration for some applica 
tions. Although Elbashir et al. also indicated that they could 
use loWer amounts of siRNA in the cell culture and still 
observe suppression, they did not provide data nor did they 
indicate by hoW much the expression Was reduced at these 
loWer levels. 

[0014] WO 99/32619 and WO 01/68836 suggest that RNA 
for use in siRNA may be chemically or enZymatically 
synthesiZed. Both of these texts are incorporated herein in 
their entirety by reference. The enZymatic synthesis con 
templated in these references is by a cellular RNA poly 
merase or a bacteriophage RNA polymerase (e.g. T3, T7, 
SP6) via the use and production of an expression construct 
as is knoWn in the art. For example, see US. Pat. No. 
5,795,715. The contemplated constructs provide templates 
that produce RNAs that contain nucleotide sequences iden 
tical to a portion of the target gene. The length of identical 
sequences provided by these references is at least 25 bases, 
and may be as many as 400 or more bases in length. An 
important aspect of this reference is that the authors con 
template digesting longer dsRNAs to 21-25mer lengths With 
the endogenous nuclease complex that converts long dsR 
NAs to siRNAs in vivo. They do not describe or present data 
for synthesiZing and using in vitro transcribed 21-25mer 
dsRNAs. No distinction is made betWeen the expected 
properties of chemical or enZymatically synthesiZed dsRNA 
in its use in RNA interference. 

[0015] Similarly, WO 00/44914, incorporated herein by 
reference, suggests that single strands of RNA can be 
produced enZymatically or by partial/total organic synthesis. 
Preferably, single stranded RNA is enZymatically synthe 
siZed from the PCR products of a DNA template, preferably 
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a cloned cDNA template and the RNA product is a complete 
transcript of the cDNA, Which may comprise hundreds of 
nucleotides. WO 01/36646, incorporated herein by refer 
ence, places no limitation upon the manner in Which the 
siRNA is synthesiZed, providing that the RNA may be 
synthesiZed in vitro or in vivo, using manual and/or auto 
mated procedures. This reference also provides that in vitro 
synthesis may be chemical or enZymatic, for example using 
cloned RNA polymerase (e.g. T3, T7, SP6) for transcription 
of the endogenous DNA (or cDNA) template, or a mixture 
of both. Again, no distinction in the desirable properties for 
use in RNA interference is made betWeen chemically or 
enZymatically synthesiZed siRNA. 

[0016] US. Pat. No. 5,795,715 reports the simultaneous 
transcription of tWo complementary DNA sequence strands 
in a single reaction mixture, Wherein the tWo transcripts are 
immediately hybridiZed. The templates used are preferably 
of betWeen 40 and 100 base pairs, and Which is equipped at 
each end With a promoter sequence. The templates are 
preferably attached to a solid surface. After transcription 
With RNA polymerase, the resulting dsRNA fragments may 
be used for detecting and/or assaying nucleic acid target 
sequences. U.S. Pat. No. 5,795,715 Was ?led Jun. 17, 1994, 
Well before the phenomenon of RNA interference Was 
described by Fire et al. (1998). The production of siRNA 
Was, therefore, not contemplated by these authors. 

[0017] As described above, there is a need for siRNAs of 
increased potency, both for general research and for use as 
medical or veterinary therapies. siRNAs of increased 
potency Would decrease the risk or adverse reactions or 
other, undesired effects of medical therapies using siRNA. 
FeWer molecules of siRNA of increased potency Would be 
needed for such therapies, With concomitant bene?ts to 
patients. 

SUMMARY OF THE INVENTION 

[0018] The present invention is directed to compositions 
and methods useful in the production of double stranded 
RNAs (dsRNAs) of increased potency for use as small 
interfering RNA (siRNA) in the suppression of gene expres 
sion and the treatment of disease. The invention provides 
methods of synthesis and use of siRNA that result in less 
costly siRNA and siRNA of substantially and signi?cantly 
higher potency. 

[0019] SiRNAs of increased potency are those Wherein the 
provision of feWer molecules of siRNA is effective in 
achieving modulation or attenuation of gene expression 
When compared to the number of standard siRNA molecules 
required to achieve the same level of modulation or attenu 
ation of target gene expression. Standard siRNAs are those 
provided by typical chemical synthesis methods and incor 
porating the usual, unmodi?ed nucleotides that make up the 
RNA polymer, i.e. adenine, cytosine, guanine, and uracil. 

[0020] Potency of siRNA may be evaluated by a number 
of means as Will be appreciated by those of skill in the art. 
The level of attenuation of gene expression may be com 
pared betWeen replicate cells or organisms treated With 
equal molar amounts of standard and siRNAs of increased 
potency designed to target the same target sequence Within 
a target gene or genes. Additionally, response curves may be 
generated Wherein levels of expression of a target gene in 
response to varying concentrations of siRNAs are measured 
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and displayed for standard and siRNAs of increased potency 
delivered to replicate cells or organisms. Other means of 
comparison are contemplated. Generally, any means Will 
suffice that reveals that feWer molecules of a particular 
siRNA are required to achieve the same level of modulation 
or attenuation as a standard siRNA used under equivalent 
conditions and targeting the same target sequence. 

[0021] The use of siRNAs of increased potency therefore 
results in an increased modulation or attenuation of gene 
expression in comparison to standard siRNAs When both are 
used under identical conditions. Such increased attenuation 
may be recogniZed in a number of measures. Non limiting 
examples include altered gene expression measurable 
through decreased transcript abundance, decreased protein 
product abundance, decreased activity associated With the 
protein product, or an altered phenotype associated With the 
protein product. Such changes in expression or phenotype 
may be large or small yet still reveal the high potency of the 
presently disclosed siRNAs. 

[0022] The choice of effect measured, the context of its 
measurement, and the metric used all interact to determine 
the absolute magnitude of the response. Nevertheless, the 
identi?cation of siRNA of increased potency is unambigu 
ous even though the relative effectiveness of standard and 
siRNAs of increased potency may be indicated by small 
relative changes in phenotype or expression levels. 

[0023] Arelative change in expression levels or phenotype 
may be on the order of any level greater than 1% to 100%. 
Thus, in one example, relative cell proliferation may be 
altered by about 2% at an siRNA concentration of 1 nM 
(FIG. 10) and Will be indicative of the high potency of the 
siRNA provided by the present invention. In another 
example, the relative transcript levels of a gene may be 
reduced more effectively by siRNAs of increased potency of 
the present invention across a continuous range of concen 
trations (FIG. 11), resulting in relative potency ranging 
continuously from greater than 0% to 100%. siRNAs of 
increased potency may be 1%, 2,%, 3%, 4%, 5%, 6%, 7%, 
8%, 9%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 
60%, 70%, 80%, 90%, or 100% more potent. siRNAs of 
increased potency may also be described as 1-, 2-, 3-, 4-, 5-, 
6-, 7-, 8-, 9-, 10-, 11-, 12-, 13-, 14-, 15-, 20-, 25-, 30-, 40-, 
50-, 60-, 70-, 80-, 90-, 100-, 200-, and more fold more potent 
than standard siRNAs. Potency may thus be further de?ned 
With respect to speci?c processes used to determine potency. 
Particularly preferred embodiments for calculating 
increased potency include the comparison of the magnitudes 
or importance of the desired effects of administering siRNAs 
of the present invention to the effects of administering 
siRNAs made from standard or currently available proto 
cols. 

[0024] The inventors have made the surprising discovery 
that the method of synthesis of siRNA can dictate its 
potency. Speci?cally, the inventors have discovered that 
enZymatic synthesis of siRNAs through the methods of the 
present invention provides for siRNA With substantially and 
signi?cantly greater potency. In one example, the optimal 
concentration of siRNA made by the present invention for 
use in the transfection of cells is unexpectedly up to 20-fold 
less than What is commonly used. Thus, these siRNAs of 
increased potency may be 20-fold more potent than standard 
siRNAs. Since siRNAs synthesiZed by the methods and 
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compositions of the present invention are unexpectedly, and 
signi?cantly more potent that those available otherWise, 
methods of use of these siRNAs are provided that incorpo 
rate this highly surprising and unexpected potency. These 
methods include methods of attenuating gene expression in 
host cells, organs, tissues, and Whole organisms. 

[0025] An advantage of this aspect of the present inven 
tion lies in providing for siRNA that may be enZymatically 
synthesiZed from a great range of template sequences. 
Templates are provided that contain structures speci?cally 
adapted for the ef?cient synthesis of siRNAs of increased 
potency in a variety of situations Without limitation and for 
any target gene sequence that may be desired. These siRNAs 
may be from 15 to 30 nucleotides in length, may contain 
dinucleotide or other overhang sequences, may contain 
modi?ed nucleotides, or other modi?cations as desired. The 
methods of the present invention also provide for the use of 
dT, and other overhang sequences, as Well as the incorpo 
ration of modi?ed nucleotide analogs, Which may also 
increase effectiveness of the siRNA. 

[0026] Compositions of the present invention include oli 
gonucleotide and polynucleotide templates and methods for 
the use of those templates in enZymatic synthesis of siRNA 
of increased potency, Which is employed in the speci?c 
inhibition of target gene expression. The templates may 
comprise a polynucleotide sequence comprising a target 
sequence. The target sequence may be derived from the 
sequence of a target gene. A target gene is a gene Whose 
expression is targeted for interference, inhibition, attenua 
tion, disruption, augmentation, or other modulation. Prefer 
ably, the expression is targeted for interference. Most pref 
erably the expression is targeted for attenuation. 

[0027] The inventors have also made the surprising dis 
covery that incorporation of modi?ed nucleotide analogs 
may increase the potency of siRNA. Modi?ed nucleotide 
analogs may be incorporated in siRNAs through either 
enZymatic synthesis or chemical synthesis. EnZymatic syn 
thesis is the use of RNA polymerases to polymeriZe nucle 
otides into single or double stranded RNA for use as siRNA 
through the methods and compositions presently disclosed. 
Chemical synthesis is the use of any other method to 
synthesiZe single or double stranded RNA for use in siRNA. 

[0028] The inventors have found that modi?ed nucleotide 
analogs increase the potency of siRNAs Whether incorpo 
rated through enZymatic or chemical synthesis. In particular, 
enZymatic incorporation of modi?ed nucleotide analogs 
produces even further enhancement of siRNA potency over 
that achieved through enZymatic synthesis alone. Modi?ed 
nucleotide analogs incorporated through chemical synthesis 
have also been found to unexpectedly enhance siRNA 
potency. Increased potency of siRNA may thus be achieved 
through the enZymatic synthesis of siRNA, through the 
incorporation of modi?ed nucleotide analogs through enZy 
matic synthesis, and through the incorporation of modi?ed 
nucleotide analogs through chemical synthesis. 

[0029] The inventors have also discovered that siRNAs 
Wherein the duplex structure of the double stranded RNA is 
of reduced stability are signi?cantly more potent. In par 
ticular, nucleotide analogs that reduce the stability of RNA 
duplexes enhance the potency of siRNAs. 

[0030] RNA duplex stability may be measured by several 
methods, as Will be appreciated by one of skill in the art. A 
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typical example is the measurement of the melting tempera 
ture (TM) of the duplex in a speci?ed set of conditions, such 
as, but not limited to speci?ed salt concentrations, pH, etc. 
See, for example the thermal melting analysis provided in 
US. Pat. No. 6,005,087, incorporated herein by reference. 
Also see, generally, Sambrook (2001), and by Way of 
additional example, Dubins, et al. (2001) and Testa et al. 
(1999). Reduced duplex stability may be on the order of a 
1%, 2,%, 3%, 4%, 5%, 6%, 7%, 8%, 9%, 10%, 15%, 20%, 
25%, 30%, 35%, 40%, 45%, 50% or more decrease in TM 
or like measure in comparison to unmodi?ed, or fully 
complementary, or other RNA, DNA, or RNA/DNA 
duplexes. Reduced RNA duplex stability may be further 
de?ned by the particular methods chosen, as Will be appre 
ciated by one of skill in the art. Such methods can include 
assays of siRNA potency as described above. 

[0031] Reduced stability of the siRNA duplex may be 
achieved through a variety of techniques. Nucleotide ana 
logs, as described above, may be introduced such that the 
resultant duplex of the siRNA is of reduced stability. The 
folloWing discussion is a non-limiting list of possible modi 
?cations to be made to the siRNA that may result in higher 
potency through reduced stability of the siRNA duplex 
structure. 

[0032] Phosphorothioates—Phosphorothioates reduce 
duplex stability approximately 05° C. to 1° C. per modi? 
cation. They can be substituted at one or more nucleotide 
positions along the length of the siRNA. 

[0033] Inosine—Substitution of inosine (I) for G’s at one 
or more positions in the siRNA Will reduce duplex stability 
and thereby enhance siRNA potency. I:C base pairs form 
only tWo hydrogen bonds (as opposed to three in G:C 
base-pairs), reducing the stability of the duplex (KaWase et 
al. 1986). 

[0034] 4-Thio uridine—4-thio uridine forms only a single 
hydrogen bond With adenosine (Testa et al. 1999) and 
therefore the substitution of one or more uracils (U) in the 
siRNA results in duplex structures of reduced stability. 

[0035] 4-Ethyl cytosine—4-ethyl cytosine forms only tWo 
hydrogen bonds With guanosine, reducing the stability of 
G:C base-pairs (Nguyen et al. 1997). Use of 4-ethyl cytosine 
at one or more positions in the siRNA is expected to reduce 
stability of the duplex structure. 

[0036] 3-Nitropyrrole nucleoside and 5-nitroindole 
nucleoside (5-nitroindole)—Both of these nucleosides 
hybridiZe to all four natural nucleosides, but With loWer 
af?nity than canonical base-pairs (Bergstrom et al. 1997). 
Thus, substitution of an appropriate number of nucleotides 
of the siRNA With these nucleosides Will result in reduced 
overall duplex stability Without loss of appropriate sequence 
speci?city. The selection of the appropriate number and 
position of such nucleoside substitutions are Well Within the 
skill of the ordinary artisan (Bergstrom et al. 1997). 

[0037] Abasic sites—There are several nucleotide linkers 
that do not have an associated base. These can be introduced 
at one or more sites in the sense strand of the siRNA to 
eliminate one or more base-pairs and reduce the stability of 
the siRNA duplex. Nucleic acid helices With abasic sites 
have reduced melting temperatures, i.e. reduced duplex 
stabilities. (Shishkina et al. 2000). 
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[0038] Mismatches—One or more mismatches can be 
introduced along the length of the siRNA duplex. The 
mismatched bases should be in the sense strand of the siRNA 
so as not to reduce the binding af?nity of the anti-sense 
strand for the mRNA target. The net effect of such mis 
matches on duplex stability is the same as that achieved by 
the other chemical substitutions described above. That is, the 
stability of the duplex structure of the siRNA is reduced 
relative to that of a completely and absolutely complemen 
tary match betWeen the tWo single strand sequences that 
make up the RNA duplex. 

[0039] All of the discoveries described are directed to the 
modulation, especially the attenuation of the expression of a 
target gene. The target gene may include sequences encod 
ing polypeptides or polynucleotide sequences that regulate 
the replication, transcription, translation or other process 
important to the expression of the gene. The target gene need 
not necessarily encode a polypeptide but may encode other 
cellular components, such as ribosomal RNA, splicosome 
RNA, transfer RNA, etc. 

[0040] The target gene may exist as an endogenous gene, 
Which occurs naturally Within a cell, or an exogenous gene, 
Which does not naturally occur Within a cell. Exogenous 
genes may, for example, be a transgene or synthetic gene, or 
a gene of a pathogen, parasite, or commensal organism. 
Preferably, the target gene exists Within a vertebrate cell, 
although the invention is not limited to the making of siRNA 
for use in vertebrate cells. 

[0041] The target sequence may be the entire sequence of 
the target gene, or, preferably, only a portion of the target 
gene. Preferably, the target sequence is a contiguous subse 
quence of the target gene sequence and is from 15 to 30 
nucleotides in length. The target sequence may be 15, 16, 17, 
18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29 or 30 nucleotides 
in length. The siZe and sequence of the target gene used as 
the target sequence may be selected by those of skill in the 
art so as to optimiZe the interfering effects of the product 
siRNAs. 

[0042] Within a polynucleotide template for making 
siRNA, the target sequence may be operatively linked to a 
promoter (FIG. 1). Preferably, the promoter is a sequence 
suf?cient to direct the transcription of the template sequence 
into RNA When contacted With RNA polymerase. Such 
promoters are Well knoWn to those of skill in the art and 
include, but are not limited to the T7, T3, and SP6 promot 
ers. Polymerases may be chosen so as to maximiZe the 
bene?ts of enZymatic synthesis of siRNA. Such polymerases 
are Well knoWn to those of skill in the art and include, but 
are not limited to the T7, T3, SP6, polymerases and deriva 
tives thereof. Such a choice is Within the skill of one in the 
art. In one embodiment, the polymerase is selected from T7, 
T3, and SP6. In a preferred embodiment, the polymerase is 
T7 RNA polymerase. Naturally, the selection of appropriate 
polymerase is performed in conjunction With the selection of 
appropriate promoter so that the polymerase functionally 
recogniZes the promoter, leading to the synthesis of an RNA 
strand. 

[0043] If operatively linked to a T7, T3, SP6 or similar 
promoter, the target sequence may be contiguous With the 
promoter sequence (FIG. 1). Milligan et al. (1987) reports 
the use of relatively short template nucleotides in the syn 
thesis of single-stranded RNA products. In particular, Mil 
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ligan et al. disclose necessary sequence constraints imposed 
by the use of T7, T3, or SP6 RNA polymerase promoters. 
Therefore, in an embodiment of the invention, if the target 
sequence is contiguous With the promoter sequence, the 
target sequence adjacent to the promoter sequence prefer 
ably begins With the dinucleotide sequence of GG or GA. 

[0044] HoWever, the present invention in part provides 
compositions and methods that surmount the limitations 
identi?ed by Milligan et al. by providing a template com 
prising at least one leader sequence interposed betWeen the 
promoter and the template sequence (FIG. 2 and FIG. 3). 
Thus, in another preferred embodiment, the target sequence 
present in the polynucleotide template for making siRNA 
may be operatively linked to a promoter Without being 
contiguous With it. A spacer or leader sequence may be 
interposed betWeen the promoter sequence and the target 
sequence of the template. Preferably, such a leader sequence 
provides the dinucleotide sequences of GG or GA that aid 
the ef?cient transcription from a T7, T3, SP6 or similar 
promoter. Such a leader sequence may be any length that 
does not interfere With the effective functioning of the 
promoter. Such a leader sequence may be 10, 12, 14, 16, 18, 
20, 22, 24, 26, 28, 30, 40, or 50 or more nucleotides in 
length. Preferably, the leader sequence is about 10 nt, but 
may be 9, 8, 7, 6, 5, 4, 3, or even 2 or 1 nt in length. In one 
embodiment, the leader sequence is selected from SEQ ID 
NO: 1 and SEQ ID NO: 2. In another embodiment, the 
leader sequence is that of SEQ ID NO: 1. In another 
embodiment, the leader sequence is that of SEQ ID NO: 2. 
In yet another embodiment, the leader sequences of tWo 
templates are different sequences. 

[0045] Of course, and as Will be appreciated by those of 
skill in the art, specifying the template sequence for enZy 
matic synthesis is generally accomplished by listing the 
nucleotide sequence of the template in the 5‘ to 3‘ direction, 
and by convention, as the top, or sense strand of a double 
stranded duplex. (FIGS. 1-4). HoWever, the template 
sequence so speci?ed in the context of the present invention 
is not limited to the sense strand. For example, the double 
stranded molecule, as discussed above, can function as a 
template for RNA synthesis. Furthermore, the antisense 
strand alone can function as a template for RNA synthesis. 
Therefore, folloWing convention, as used herein the descrip 
tion of polynucleotides Will be generally from 5‘ to 3‘ and 
Will recite the sense strand, although the invention is not 
limited to transcription from the sense strand as listed, but 
Will encompass both the sense and the antisense (or bottom) 
strand and a single, antisense strand (FIGS. 1-4). Therefore, 
for example, the embodiments that comprise templates 
comprising overhang encoding sequences comprising the 
nucleotide sequence of TT, are designed so that the resultant 
RNA strand formed comprises an overhang of UU or the 
like. 

[0046] In preferred embodiments, the invention provides 
for RNases that have activity in relation to the nucleotide 
sequences of the leader sequence. Thus, RNase T1 prefer 
entially digests single-stranded RNA at G residues. RNase A 
preferentially digests at C and U residues. If RNase T1 is to 
be used, the last nucleotide in the leader sequence is pre 
ferred to be a G to eliminate the entire leader sequence from 
the siRNA. LikeWise, if RNase A is to be used, the last 
nucleotide in the leader sequence should be a C or U. In 
additional, preferred embodiments, the RNase may be 
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RNase Sa, RNase Sa2, or RNase Sa3. In a particularly 
preferred embodiment, the RNase is RNase Sa. 

[0047] In yet another preferred embodiment, the poly 
nucleotide template for synthesiZing small interfering RNA 
comprises a promoter, a target sequence, and a complemen 
tary sequence to the target sequence positioned betWeen the 
target sequence and the 3‘ terminus of the template (FIG. 4). 

[0048] The templates provided by the invention may be 
used in the synthesis of siRNA of increased potency. The 
embodiments of the synthesis methods preferably comprise 
the transcription of the templates by RNA polymerase, 
annealing of the single stranded RNA products to form 
double stranded RNA, and RNAse digestion to remove 
unnecessary single stranded RNA from the double stranded 
RNA product (FIGS. 2, 3, and 4). 

[0049] In one preferred embodiment, the synthesiZed RNA 
is such that it is partially self-complementary and so forms 
a stem and loop structure (FIG. 4). In alternative and 
preferred embodiments, tWo strands of RNA may be made 
that are substantially complementary so that they form a 
duplex upon provision of appropriate conditions (FIGS. 1, 
2, and 3). In yet another preferred embodiment, a single 
RNA strand may be synthesiZed that complements a tem 
plate RNA strand itself made through other means (RNA 
copying). Additionally, a single RNA strand may be synthe 
siZed that complements a pre-existing single stranded RNA 
molecule and alloWed to form a duplex thereWith, forming 
a dsRNA functional as a siRNA of increased potency. In a 

further preferred embodiment, the synthesized RNA is fur 
ther treated With nucleases in order to digest or remove 
template nucleic acids or portions of the synthesiZed RNA. 
In an additional preferred embodiment, once synthesiZed, 
the RNA products may be puri?ed or further manipulated 
before use as siRNA. In an alternative embodiment, the 
RNAproducts may be used directly Without further manipu 
lation. 

[0050] In still more preferred embodiments, the siRNA 
includes modi?cations to either the phosphate-sugar back 
bone or the nucleoside. In one embodiment, the phosphodi 
ester linkages of natural RNA are modi?ed to include at least 
one of a nitrogen or sulfur hetero-atom. In another embodi 
ment, bases may be modi?ed to block the activity of 
adenosine deaminase. In some embodiments, the modi?ed 
nucleotide analogs may be selected from the group of 
aminoallyl UTP, pseudo-UTP, S-I-UTP, S-I-CTP, S-Br-UTP, 
alpha-S ATP, alpha-S CTP, alpha-S GTP, alpha-S UTP, 
4-thio UTP, 2-thio-CTP, 2‘NH2 UTP, 2‘NH2 CTP, and 2‘F 
UTP. 

[0051] In preferred embodiments, modi?ed nucleotide 
analogs are incorporated into the synthesiZed siRNA that 
decrease duplex stability. Modi?ed nucleotide analogs may 
be incorporated through enZymatic or chemical synthesis. In 
one preferred embodiment, modi?ed nucleotide analogs are 
incorporated through enZymatic synthesis. In another pre 
ferred embodiment modi?ed nucleotide analogs are incor 
porated through chemical synthesis 

[0052] siRNA can be introduced into cells in a number of 
Ways. Preferred embodiments include micro-injection, bom 
bardment by particles covered by the siRNA, soaking the 
cell or organism in a solution of the siRNA, electroporation 
of cell membranes in the presence of siRNA, liposome 
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mediated delivery of siRNA and transfection mediated by 
chemicals such as polyamines, calcium phosphate, viral 
infection, transformation, and the like. In further preferred 
embodiments, siRNA is introduced along With components 
that enhance RNA uptake by the cell, stabiliZe the annealed 
strands, or otherWise increase inhibition of the target gene. 
In a most preferred embodiment, cells are conveniently 
incubated in a solution containing the siRNA. 

[0053] In further embodiments, siRNA is delivered to a 
cell indirectly by introducing one or more vectors that 
encode both single strands of a siRNA (or, in the case of a 
self-complementary RNA, the single self-complementary 
strand) into the cell. The vectors of these embodiments 
contain elements of the templates described above such that 
the RNA is transcribed inside the cell, annealed to form 
siRNA and effects attenuation of the target gene expression. 
See WO 99/32619, WO 00/44914, WO 01/68836 (each of 
Which is expressly incorporated herein by reference) and 
references therein for further examples of methods knoWn to 
the art for introducing siRNA into cells. 

[0054] Thus, in some embodiments of the present inven 
tion, a method for making siRNA of increased potency 
comprises obtaining nucleotides, and incorporating the 
nucleotides into siRNA such that an RNA duplex of from 15 
to 30 contiguous nucleotides is formed, Wherein the siRNA 
has a sequence that is substantially identical to at least a 
portion of a selected target gene. In a preferred embodiment, 
the siRNA is further de?ned as having reduced duplex 
stability. In an additional preferred embodiment the siRNA 
is further de?ned as comprising obtaining at least one 
modi?ed nucleotide analog and incorporating the at least 
one modi?ed nucleotide analog into the siRNA. 

[0055] In additional, preferred embodiments, the modi?ed 
nucleotide analog is selected from the group consisting of 
aminoallyl UTP, pseudo-UTP, S-I-UTP, S-I-CTP, S-Br-UTP, 
alpha-S ATP, alpha-S CTP, alpha-S GTP, alpha-S UTP, 
4-thio UTP, Z-thio-CTP, 2‘NH2 UTP, 2‘NH2 CTP, and 2‘F 
UTP. 

[0056] In another preferred embodiemnt, the nucleotides 
or nucleotide analogs may be incorporated into siRNA 
through enZymatic synthesis. In one embodiement, the 
nucleotides or nucleotide analogs may be incorporated into 
siRNA through chemical synthesis. 

[0057] In some embodiments the invention comprises a 
method of attenuating the expression of a target gene, the 
method comprising the steps of: 

[0058] (a) obtaining a ?rst polynucleotide template 
comprising a ?rst promoter operatively linked to a 
?rst target sequence that has 5‘ and 3‘ ends that is 
substantially identical to at least a portion of the 
target gene; 

[0059] (b) obtaining a second polynucleotide tem 
plate comprising a second promoter operatively 
linked to a second target sequence that has 5‘ and 3‘ 
ends and substantially the reverse complement of the 
?rst target sequence of the ?rst template; 

[0060] (c) contacting the ?rst template With a reaction 
mixture comprising an RNA polymerase and nucle 
otides to transcribe the ?rst template to form a ?rst 
RNA product; 
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[0061] (d) contacting the second template With a 
reaction mixture comprising an RNA polymerase 
and nucleotides to transcribe the second template to 
form a second RNA product; 

[0062] (e) annealing the ?rst and second RNA prod 
ucts to form a double stranded RNA product; and 

[0063] introducing the double stranded RNA 
product into the cell in an amount suf?cient to 
attenuate expression of the target gene. 

[0064] Other preferred embodiments comprise the steps 
of: 

[0065] (a) obtaining a polynucleotide template com 
prising a promoter operatively linked to a ?rst target 
sequence, a loop sequence, and a second target 
sequence having 5‘ and 3‘ ends and that is substan 
tially the reverse complement of the ?rst target 
sequence; 

[0066] (b) contacting the template With a reaction 
mixture comprising an RNA polymerase and nucle 
otides to transcribe the template to form an RNA 
product; and 

[0067] (c) introducing the RNA product into the cell 
in an amount suf?cient to attenuate expression of the 
target gene. 

[0068] In other embodiments a method of attenuating 
target gene expression comprises the steps of: 

[0069] (a) obtaining a single-stranded polynucleotide 
template comprising a target sequence substantially 
identical to at least a portion of the target gene; 

[0070] (b) contacting the template With a reaction 
mixture comprising an RNA replicase and nucle 
otides to synthesiZe RNA of a complementary 
sequence to that of the target sequence so as to form 
a double stranded RNA product; and 

0071 c introducin the double stranded RNA g 
product into the cell in an amount suf?cient to 
attenuate expression of the target gene. 

[0072] Additional preferred embodiments comprise the 
steps of: 

[0073] (a) obtaining a polynucleotide template com 
prising a promoter operatively linked to a ?rst target 
sequence, a loop sequence, and a second target 
sequence having 5‘ and 3‘ ends and that is substan 
tially the reverse complement of the ?rst target 
sequence; 

[0074] (b) enZymatically incorporating nucleotides 
into RNA by contacting the template With a reaction 
mixture comprising an RNA polymerase and nucle 
otides to transcribe the template to form an RNA 
product; 

[0075] (c) annealing the RNA product to form a stem 
and loop siRNA product; and 

[0076] (d) introducing the RNA product to a cell 
comprising a target gene. 
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[0077] Further embodiments comprise the steps of: 

[0078] (a) obtaining a polynucleotide template com 
prising a promoter operatively linked to a ?rst target 
sequence, a loop sequence, and a second target 
sequence having 5‘ and 3‘ ends and that is substan 
tially the reverse complement of the ?rst target 
sequence; 

[0079] (b) enZymatically incorporating nucleotides 
into RNA by contacting the template With a reaction 
mixture comprising an RNA polymerase and nucle 
otides to transcribe the template to form an RNA 
product; 

[0080] (c) introducing the RNA product to a cell 
comprising a target gene; and 

[0081] (d) annealing the RNAproduct to form a stem 
and loop siRNA product Within the cell. 

[0082] Further preferred embodiments comprise the steps 
of treating the template nucleotides With an appropriate 
nuclease, e.g. DNase or similar enZyme, to remove template 
nucleic acids. Yet another preferred embodiment comprises 
the steps of treating the enZymatic or chemically synthesiZed 
dsRNA With RNases to remove single stranded leader 
sequences or other, undesired sequences. 

[0083] Surprisingly and unexpectedly, siRNAs of from 15 
to 30 nucleotides in length made through these embodiments 
of the invention are signi?cantly more potent than siRNAs 
of the same length made through standard chemical synthe 
sis or Without appropriate incorporation of modi?ed nucle 
otide analogs. 

[0084] Any of the compositions described herein may be 
comprised in a kit formulated for performing the methods 
disclosed. In a non-limiting example the kits may comprise, 
in suitable container means, a promoter primer, correspond 
ing polymerases, reagents and materials for performing the 
methods of the invention. In another non-limiting example, 
the kits may comprise in a suitable container means, modi 
?ed nucleotide analogs, reagents and materials for incorpo 
ration of the modi?ed nucleotide analogs through chemical 
synthesis means. In a further example, the kits may comprise 
siRNAs that have incorporated in them modi?ed nucleotide 
analogs that reduce dsRNA duplex stability. 

[0085] The kits may comprise compositions of the present 
invention in suitable aliquots, Whether labeled or unlabeled, 
as may be used to practice the methods of the invention. The 
components of the kits may be packaged either in aqueous 
media or in lyophiliZed form. The container means of the 
kits Will generally include at least one vial, test tube, ?ask, 
bottle, syringe or other container means, into Which a 
component may be placed, and preferably, in suitable ali 
quots. Where there is more than one component in the kit, 
the kit also Will generally contain a second, third or other 
additional container into Which the additional components 
may be separately placed. HoWever, various combinations 
of components may be comprised in a vial. kits may also 
contain cells in Which the expression of target genes is 
attenuated by the methods of the present invention. 

[0086] Therapeutic kits of the present invention are kits 
comprising a promoter, a polymerase, and the reagents, 
agents, and materials that may be required to practice the 
methods of the invention, including, but not limited to those 
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reagents necessary for transfection or transformation of cells 
With siRNA. Such kits may also comprise siRNA made by 
the methods of the present invention. Such kits Will gener 
ally contain, in suitable container means, a pharmaceutically 
acceptable formulation of siRNA made by the methods of 
the present invention. Such kits may also contain cells in 
Which the expression of target genes is attenuated by the 
methods of the present invention. The kit may have a single 
container means, and/or it may have distinct container 
means for each compound or each reaction mixture or step. 

[0087] When the components of the kit are provided in 
one and/or more liquid solutions, the liquid solution is an 
aqueous solution, With a sterile aqueous solution being 
particularly preferred. The compositions may also be for 
mulated into a syringeable composition. In Which case, the 
container means may itself be a syringe, pipette, and/or other 
such like apparatus, from Which the formulation may be 
applied to an infected area of the body, injected into an 
animal, and/or even applied to and/or mixed With the other 
components of the kit. HoWever, the components of the kit 
may be provided as dried poWder(s). When reagents and/or 
components are provided as a dry poWder, the poWder can 
be reconstituted by the addition of a suitable solvent. It is 
envisioned that the solvent may also be provided in another 
container means. 

[0088] The container means Will generally include at least 
one vial, test tube, ?ask, bottle, syringe and/or other con 
tainer means, into Which the siRNA or cells in Which the 
expression of target gene or genes is attenuated are placed, 
preferably, suitably allocated. The kits may also comprise a 
second container means for containing a sterile, pharmaceu 
tically acceptable buffer and/or other diluent. The kits of the 
present invention also Will typically include a means for 
containing the materials for practicing the methods of the 
invention, and any other reagent containers in close con 
?nement for commercial sale. Such containers may include 
injection or bloW-molded plastic containers into Which the 
desired vials are retained. Irrespective of the number or type 
of containers, the kits of the invention may also comprise, or 
be packaged With, an instrument for assisting With the 
injection/administration and/or placement of the ultimate 
cells in Which the expression of a target gene or genes is 
attenuated Within the body of an animal. Such an instrument 
may be a syringe, pipette, forceps, and/or any such medi 
cally approved delivery vehicle. 

[0089] FolloWing long-standing patent laW, the Words “a” 
and “an,” When used in conjunction With the Word “com 
prising” in the claims or speci?cation, denotes one or more. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0090] The folloWing draWings form part of the present 
speci?cation and are included to further demonstrate certain 
aspects of the present invention. The invention may be better 
understood by reference to one or more of these draWings in 
combination With the detailed description of speci?c 
embodiments presented herein. 

[0091] FIG. 1: Production of siRNA by transcription of 
templates Without leader sequences. 

[0092] FIG. 2: Production of siRNA by transcription of 
templates With leader sequences and subsequent digestion 
by RNase T1. 
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[0093] FIG. 3: Production of siRNA by transcription of 
templates With leader sequences and subsequent digestion 
With RNase A. 

[0094] FIG. 4: Production of siRNA by transcription of 
templates encoding hairpin structures. 

[0095] FIG. 5: c-myc mRNA transcript organiZation. The 
locations of siRNAs made are indicated by the boxes above 
the line representing the transcript. 

[0096] FIG. 6: Relative cell proliferation (as compared to 
a buffer-transfected control) of HeLa cells transfected With 
the various siRNAs to c-myc, as Well as With the optimiZed 
antisense oligonucleotide, 48 hr after transfection. 

[0097] FIG. 7: Immuno?uorescence experiments using an 
anti-myc antibody Were used to measure c-myc protein 
levels to con?rm that siRNAs Were reducing expression of 
c-myc. 

[0098] FIG. 8: The siRNA against the 3‘ UTR leads to a 
drastic reduction in c-myc protein levels. 

[0099] FIG. 9: Relative reduction in GAPDH mRNA 
levels in siRNA transfected cells versus untreated cells. 

[0100] FIG. 10: Comparison of siRNA effectiveness 
betWeen enZymatically synthesiZed and siRNA made 
through standard chemical synthesis in attenuation of c-myc 
mediated cell proliferation. 

[0101] FIG. 11: Comparison of siRNA effectiveness 
betWeen enZymatically synthesiZed and siRNA made 
through standard chemical synthesis in expression of 
GAPDH mRNA. 

[0102] FIG. 12: Comparison of siRNA effectiveness 
betWeen siRNA made through standard chemical synthesis 
and enZymatically synthesiZed siRNA via RNA copying in 
attenuation of c-myc mediated cell proliferation. 

[0103] FIG. 13: Impact of Nucleotide Analogs on siRNA 
Potency in enZymatically synthesiZed siRNA. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0104] The present invention provides a method for pre 
paring double-stranded RNA molecules that are of increased 
potency When used to modulate or attenuate gene expression 
in cells, tissues, organs, and organisms. The method includes 
enZymatic polymeriZation of individual ribonucleotides in a 
sequence that effectively matches or hybridiZes With the 
nucleotide sequence of a target gene, thereby facilitating the 
speci?c modulation of target gene expression. Surprisingly, 
such enZymatic preparation of dsRNA yields siRNA that is 
many fold more potent in modulating gene expression than 
corresponding siRNA prepared through chemical synthesis. 

[0105] The methods of the present invention therefore 
provide for much more ef?cient and cost-effective means for 
producing and using siRNA in RNA interference applica 
tions, Which include a Wide range of research, industrial, and 
medical processes, materials, and applications. Medical 
applications include, by Way of example, anti-viral compo 
sitions and therapies, anti-tumor compositions and therapies, 
and compositions and therapies for inherited disorders. One 
example of the latter application Would be the enZymatic 
synthesis of siRNA for use in therapies to treat autosomal 
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dominant genetic disease such as Huntington’s chorea. 
Additional examples of therapeutic uses include the man 
agement of transplant rejection through the treatment of 
tissues to be introduced into a subject With the siRNAs of the 
invention in order to modulate or attenuate the expression of 
genes promoting transplant rejection. For example, hepato 
cytes may be incubated With enZymatically synthesiZed 
siRNA designed to attenuate expression of genes that 
prompt a host immune response. 

[0106] The siRNA provided by the present invention 
alloWs for the modulation and especially the attenuation of 
target gene expression When such a gene is present and liable 
to expression Within a cell. Modulation of expression can be 
partial or complete inhibition of gene function, or even the 
up-regulation of other, secondary target genes or the 
enhancement of expression of such genes in response to the 
inhibition of the primary target gene. Attenuation of gene 
expression may include the partial or complete suppression 
or inhibition of gene function, transcript processing or 
translation of the transcript. In the context of RNA interfer 
ence, modulation of gene expression is thought to proceed 
through a complex of proteins and RNA, speci?cally includ 
ing small, dsRNA that may act as a “guide” RNA. The 
siRNA therefore is thought to be effective When its nucle 
otide sequence suf?ciently corresponds to at least part of the 
nucleotide sequence of the target gene. Although the present 
invention is not limited by this mechanistic hypothesis, it is 
highly preferred that the sequence of nucleotides in the 
siRNA be substantially identical to at least a portion of the 
target gene sequence. 

[0107] A target gene generally means a polynucleotide 
comprising a region that encodes a polypeptide, or a poly 
nucleotide region that regulates replication, transcription or 
translation or other processes important tot expression of the 
polypeptide, or a polynucleotide comprising both a region 
that encodes a polypeptide and a region operably linked 
thereto that regulates expression. The targeted gene can be 
chromosomal (genomic) or extrachromosomal. It may be 
endogenous to the cell, or it may be a foreign gene (a 
transgene). The foreign gene can be integrated into the host 
genome, or it may be present on an extrachromosomal 
genetic construct such as a plasmid or a cosmid. The targeted 
gene can also be derived from a pathogen, such as a virus, 
bacterium, fungus or protoZoan, Which is capable of infect 
ing an organism or cell. Target genes may be viral and 
pro-viral genes that do not elicit the interferon response, 
such as retroviral genes. The target gene may be a protein 
coding gene or a non-protein coding gene, such as a gene 
Which codes for ribosmal RNAs, splicosomal RNA, tRNAs, 
etc. 

[0108] Any gene being expressed in a cell can be targeted. 
Preferably, a target gene is one involved in or associated 
With the progression of cellular activities important to dis 
ease or of particular interest as a research object. Thus, by 
Way of example, the folloWing are classes of possible target 
genes that may be used in the methods of the present 
invention to modulate or attenuate target gene expression: 
developmental genes (e.g. adhesion molecules, cyclin kinase 
inhibitors, Wnt family members, Pax family members, 
Winged helix family members, Hox family members, cytok 
ines/lymphokines and their receptors, groWth or differentia 
tion factors and their receptors, neurotransmitters and their 
receptors), oncogenes (e.g. ABLI, BLCl, BCL6, CBFAl, 
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CBL, CSFIR, ERBA, ERBB, EBRB2, ETS1, ETS1, ETV6, 
FGR, FOX, FYN, HCR, HRAS, JUN, KRAS, LCK, LYN, 
MDM2, MLL, MYB, MYC, MYCL1, MYCN, NRAS, 
PIM1, PML, RET, SRC, TAL1, TCL3 and YES), tumor 
suppresser genes (e.g. APC, BRCA1, BRCA2, MADH4, 
MCC, NF1, NF2, RB1, TP53 and WT1), and enzymes (e.g. 
ACP desaturases and hycroxylases, ADP-glucose pyropho 
rylases, ATPases, alcohol dehycrogenases, amylases, amy 
loglucosidases, catalases, cellulases, cyclooxygenases, 
decarboxylases, dextrinases, esterases, DNA and RNApoly 
merases, galactosidases, glucanases, glucose oxidases, 
GTPases, helicases, hemicellulases, integrases, invertases, 
isomersases, kinases, lactases, lipases, lipoxygenases, 
lysoZymes, pectinesterases, peroxidases, phosphatases, 
phospholipases, phophorylases, polygalacturonases, pro 
teinases and peptideases, pullanases, recombinases, reverse 
transcriptases, topoisomerases, xylanases). 
[0109] The nucleotide sequence of the siRNA is de?ned 
by the nucleotide sequence of its target gene. The siRNA 
contains a nucleotide sequence that is essentially identical to 
at least a portion of the target gene. Preferably, the siRNA 
contains a nucleotide sequence that is completely identical 
to at least a portion of the target gene. Of course, When 
comparing an RNA sequence to a DNA sequence, an “iden 
tical” RNA sequence Will contain ribonucleotides Where the 
DNA sequence contains deoxyribonucleotides, and further 
that the RNA sequence Will typically contain a uracil at 
positions Where the DNA sequence contains thymidine. 

[0110] AsiRNA comprises a double stranded structure, the 
sequence of Which is “substantially identical” to at least a 
portion of the target gene. “Identity,” as knoWn in the art, is 
the relationship betWeen tWo or more polynucleotide (or 
polypeptide) sequences, as determined by comparing the 
sequences. In the art, identity also means the degree of 
sequence relatedness betWeen polynucleotide sequences, as 
determined by the match of the order of nucleotides betWeen 
such sequences. Identity can be readily calculated. See, for 
example: Computational Molecular Biology, Lesk, A.M., 
ed. Oxford University Press, NeW York, 1988; Biocomput 
ing: Informatics and Genome Projects, Smith, D. W., ed., 
Academic Press, NeW York, 1993; and the methods dis 
closed in WO 99/32619, WO 01/68836, WO 00/44914, and 
WO 01/36646, speci?cally incorporated herein by reference. 
While a number of methods exist for measuring identity 
betWeen tWo nucleotide sequences, the term is Well knoWn 
in the art. Methods for determining identity are typically 
designed to produce the greatest degree of matching of 
nucleotide sequence and are also typically embodied in 
computer programs. Such programs are readily available to 
those in the relevant art. For example, the GCG program 
package (Devereux et al.), BLASTP, BLASTN, and FASTA 
(Atschul et al.) and CLUSTAL (Higgins et al., 1992; 
Thompson, et al., 1994). 

[0111] One of skill in the art Will appreciate that tWo 
polynucleotides of different lengths may be compared over 
the entire length of the longer fragment. Alternatively, small 
regions may be compared. Normally sequences of the same 
length are compared for a ?nal estimation of their utility in 
the practice of the present invention. It is preferred that there 
be 100% sequence identity betWeen the dsRNA for use as 
siRNA and at least 15 contiguous nucleotides of the target 
gene, although a dsRNAhaving 70%, 75%, 80%, 85%, 90%, 
or 95% or greater may also be used in the present invention. 
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A siRNA that is essentially identical to a least a portion of 
the target gene may also be a dsRNAWherein one of the tWo 
complementary strands (or, in the case of a self-comple 
mentary RNA, one of the tWo self-complementary portions) 
is either identical to the sequence of that portion or the target 
gene or contains one or more insertions, deletions or single 
point mutations relative to the nucleotide sequence of that 
portion of the target gene. siRNA technology thus has the 
property of being able to tolerate sequence variations that 
might be expected to result from genetic mutation, strain 
polymorphism, or evolutionary divergence. 

[0112] Alternatively, a siRNA that is “essentially identical 
to at least a portion of the target gene can be functionally a 
dsRNA Wherein one of the tWo complementary strands (or, 
in the case of a self-complementary RNA, one of the tWo 
self-complementary portions) is capable of hybridiZing With 
a portion of the target gene transcript (e.g. under conditions 
including 400 mM NaCl, 40 mM PIPES pH 6.4, 1 mM 
EDTA, 50 degrees C. or 70 degrees C. hybridiZation for 
12-26 hours; folloWed by Washing). 

[0113] RNA (ribonucleic acid) is knoWn to be the tran 
scription product of a molecule of DNA (deoxyribonucleic 
acid) synthesiZed under the action of an enZyme, DNA 
dependent RNA polymerase. There are diverse applications 
of the obtaining of speci?c RNA sequences, such as, for 
example, the synthesis of RNA probes or of oligoribonucle 
otides (Milligan et al.), or the expression of genes (see, in 
particular, Steen et al, Fuerst, et al. and Patent Applications 
WO 91/05,866 and EP 0,178,863), or alternatively gene 
ampli?cation as described by Kievits, et al. and KWoh et al. 
or in Patent Applications WO 88/10,315 and WO 91/02,818, 
and US. Pat. No. 5,795,715, all of Which are expressly 
incorporated herein by reference. 

[0114] One of the distinctive features of most DNA 
dependent RNA polymerases is that of initiating RNA 
synthesis according to a DNA template from a particular 
start site as a result of the recognition of a nucleic acid 
sequence, termed a promoter, Which makes it possible to 
de?ne the precise localiZation and the strand on Which 
initiation is to be effected. Contrary to DNA-dependent 
DNA polymerases, polymeriZation by DNA-dependent 
RNA polymerases is not initiated from a 3‘-OH end, and 
their natural substrate is an intact DNA double strand. 

[0115] Compared to bacterial, eukaryotic or mitochondrial 
RNApolymerases, phage RNA polymerases are very simple 
enZymes. Among these, the best knoWn are the RNA poly 
merases of bacteriophages T7, T3 and SP6. These enZymes 
are very similar to one another, and are composed of a single 
subunit of 98 to 100 kDa. TWo other phage polymerases 
share these similarities: that of Klebsiella phage K11 and 
that of phage BA14 (DiaZ et al.). Any DNA dependent RNA 
polymerase is expected to perform in conjunction With a 
functionally active promoter as desired in the present inven 
tion. These include, but are not limited to the above listed 
polymerases, active mutants thereof, E. coli RNA poly 
merase, and RNA polymerases I., II, and III from a variety 
of eukaryotic organisms. 

[0116] Initiation of transcription With T7, SP6 RNA and 
T3 RNA Polymerases is highly speci?c for the T7, SP6 and 
T3 phage promoters, respectively. The properties and utility 
of these polymerases are Well knoWn to the art. Their 
properties and sources are described in US. Pat. Nos. (T7) 
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US. Pat. Nos. 5,869,320; 4,952,496; 5,591,601; 6,114,152; 
(SP6) US. Pat. No. 5,026,645; (T3) US. Pat. Nos. 5,102, 
802; 5,891,681; 5,824,528; 5,037,745, all of Which are 
expressly incorporated herein by reference. 

[0117] Reaction conditions for use of these RNA poly 
merases are Well knoWn in the art, and are exempli?ed by 
those conditions provided in the examples and references. 
The result of contacting the appropriate template With an 
appropriate polymerase is the synthesis of an RNA product, 
Which is typically single-stranded. Although under appro 
priate conditions, double stranded RNA may be made from 
a double stranded DNA template. See US. Pat. No. 5,795, 
715, incorporated herein by reference. The process of 
sequence speci?c synthesis may also be knoWn as transcrip 
tion, and the product the transcript, Whether the product 
represents an entire, functional gene product or not. 

[0118] dsRNA for use as siRNA may also be enZymati 
cally synthesiZed through the use of RNA dependent RNA 
polymerases such as Q beta replicase, Tobacco mosaic virus 
replicase, brome mosaic virus replicase, potato virus repli 
case, etc. Reaction conditions for use of these RNA poly 
merases are Well knoWn in the art, and are exempli?ed by 
those conditions provided in the examples and references. 
Also see U.S. Pat. No. RE35,443, and US. Pat. No. 4,786, 
600, both of Which are incorporated herein by reference. The 
result of contacting the appropriate template With an appro 
priate polymerase is the synthesis of an RNAproduct, Which 
is typically double-stranded. Employing these RNA depen 
dent RNA polymerases therefore may utiliZe a single 
stranded RNA or single stranded DNA template. If utiliZing 
a single stranded DNA template, the enZymatic synthesis 
results in a hybrid RNA/DNA duplex that is also contem 
plated as useful as siRNA. 

[0119] The templates for enZymatic synthesis of siRNA 
are nucleic acids, typically, though not exclusively DNA. A 
nucleic acid may be made by any technique knoWn to one of 
ordinary skill in the art. Non-limiting examples of synthetic 
nucleic acid, particularly a synthetic oligonucleotide, 
include a nucleic acid made by in vitro chemical synthesis 
using phosphotriester, phosphite or phosphoramidite chem 
istry and solid phase techniques such as described in EP 
266,032, incorporated herein by reference, or via deoxy 
nucleoside H-phosphonate intermediates as described by 
Froehler et al., 1986, and Us. Pat. No. 5,705,629, each 
incorporated herein by reference. Anon-limiting example of 
enZymatically produced nucleic acid include one produced 
by enZymes in ampli?cation reactions such as PCRTM (see, 
for example, US. Pat. No. 4,683,202 and US. Pat. No. 
4,682,195, each incorporated herein by reference), or the 
synthesis of oligonucleotides described in US. Pat. No. 
5,645,897, incorporated herein by reference. A non-limiting 
example of a biologically produced nucleic acid includes 
recombinant nucleic acid production in living cells (see for 
example, Sambrook, 2001, incorporated herein by refer 
ence). 
[0120] A nucleic acid may be puri?ed on polyacrylamide 
gels, cesium chloride centrifugation gradients, or by any 
other means knoWn to one of ordinary skill in the art (see for 
example, Sambrook (2001), incorporated herein by refer 
ence). 
[0121] The term “nucleic acid” Will generally refer to at 
least one molecule or strand of DNA, RNA or a derivative 
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or mimic thereof, comprising at least one nucleotide base, 
such as, for example, a naturally occurring purine or pyri 
midine base found in DNA (e.g., adenine “A,” guanine “G,” 
thymine “T,” and cytosine “C”) or RNA (eg A, G, uracil 
“U,” and C). The term “nucleic acid” encompasses the terms 
“oligonucleotide” and “polynucleotide.” These de?nitions 
generally refer to at least one single-stranded molecule, but 
in speci?c embodiments Will also encompass at least one 
additional strand that is partially, substantially or fully 
complementary to the at least one single-stranded molecule. 
Thus, a nucleic acid may encompass at least one double 
stranded molecule or at least one triple-stranded molecule 
that comprises one or more complementary strand(s) or 
“complement(s)” of a particular sequence comprising a 
strand of the molecule. 

[0122] As Will be appreciated by one of skill in the art, the 
useful form of nucleotide or modi?ed nucleotide to be 
incorporated Will be dictated largely by the nature of the 
synthesis to be performed. Thus, for example, enZymatic 
synthesis typically utiliZes the free form of nucleotides and 
nucleotide analogs, typically represented as nucleotide triph 
ospates, or NTPs. These forms thus include, but are not 
limited to aminoallyl UTP, pseudo-UTP, 5-I-UTP, 5-I-CTP, 
5-Br-UTP, alpha-S ATP, alpha-S CTP, alpha-S GTP, alpha-S 
UTP, 4-thio UTP, 2-thio-CTP, 2‘NH2 UTP, 2‘NH2 CTP, and 
2‘F UTP. As Will also be appreciated by one of skill in the 
art, the useful form of nucleotide for chemical syntheses 
may be typically represented as aminoallyl uridine, pseudo 
uridine, 5-I-uridine, 5-I-cytidine, 5-Br-uridine, alpha-S 
adenosine, alpha-S cytidine, alpha-S guanosine, alpha-S 
uridine, 4-thio uridine, 2-thio-cytidine, 2‘NH2 uridine, 2‘NH2 
cytidine, and 2‘F uridine. In the present invention, the listing 
of either form is non-limiting in that the choice of nucleotide 
form Will be dictated by the nature of the synthesis to be 
performed. In the present invention, then, the inventors use 
the terms aminoallyl uridine, pseudo-uridine, 5-I-uridine, 
5-I-cytidine, 5-Br-uridine, alpha-S adenosine, alpha-S cyti 
dine, alpha-S guanosine, alpha-S uridine, 4-thio uridine, 
2-thio-cytidine, 2‘NH2 uridine, 2‘NH2 cytidine, and 2‘F uri 
dine generically to refer to the appropriate nucleotide or 
modi?ed nucleotide, including the free phosphate (NTP) 
forms as Well as all other useful forms of the nucleotides. 

[0123] In certain embodiments, a “gene” refers to a 
nucleic acid that is transcribed. As used herein, a “gene 
segment” is a nucleic acid segment of a gene. In certain 
aspects, the gene includes regulatory sequences involved in 
transcription, or message production or composition. In 
particular embodiments, the gene comprises transcribed 
sequences that encode for a protein, polypeptide or peptide. 
In other particular aspects, the gene comprises a nucleic 
acid, and/or encodes a polypeptide or peptide-coding 
sequences of a gene that is defective or mutated in a 
hematopoietic and lympho-hematopoietic disorder. In keep 
ing With the terminology described herein, an “isolated 
gene” may comprise transcribed nucleic acid(s), regulatory 
sequences, coding sequences, or the like, isolated substan 
tially aWay from other such sequences, such as other natu 
rally occurring genes, regulatory sequences, polypeptide or 
peptide encoding sequences, etc. In this respect, the term 
“gene” is used for simplicity to refer to a nucleic acid 
comprising a nucleotide sequence that is transcribed, and the 
complement thereof. In particular aspects, the transcribed 
nucleotide sequence comprises at least one functional pro 
tein, polypeptide and/or peptide encoding unit. As Will be 
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understood by those in the art, this functional term “gene” 
includes both genomic sequences, RNAor cDNA sequences, 
or smaller engineered nucleic acid segments, including 
nucleic acid segments of a non-transcribed part of a gene, 
including but not limited to the non-transcribed promoter or 
enhancer regions of a gene. Smaller engineered gene nucleic 
acid segments may express, or may be adapted to express 
using nucleic acid manipulation technology, proteins, 
polypeptides, domains, peptides, fusion proteins, mutants 
and/or such like. Thus, a “truncated gene” refers to a nucleic 
acid sequence that is missing a stretch of contiguous nucleic 
acid residues. 

[0124] Various nucleic acid segments may be designed 
based on a particular nucleic acid sequence, and may be of 
any length. By assigning numeric values to a sequence, for 
example, the ?rst residue is 1, the second residue is 2, etc., 
an algorithm de?ning all nucleic acid segments can be 
created: 

n to n+y 

[0125] Where n is an integer from 1 to the last number 
of the sequence and y is the length of the nucleic acid 
segment minus one, Where n+y does not exceed the 
last number of the sequence. Thus, for a 10-mer, the 
nucleic acid segments correspond to bases 1 to 10, 2 
to 11, 3 to 12 . . . and/or so on. For a 15-mer, the 

nucleic acid segments correspond to bases 1 to 15, 2 
to 16, 3 to 17 . . . and/or so on. For a 20-mer, the 

nucleic segments correspond to bases 1 to 20, 2 to 
21, 3 to 22 . . . and/or so on. 

[0126] The nucleic acid(s) of the present invention, 
regardless of the length of the sequence itself, may be 
combined With other nucleic acid sequences, including but 
not limited to, promoters, enhancers, polyadenylation sig 
nals, restriction enZyme sites, multiple cloning sites, coding 
segments, and the like, to create one or more nucleic acid 
construct(s). The overall length may vary considerably 
betWeen nucleic acid constructs. Thus, a nucleic acid seg 
ment of almost any length may be employed, With the total 
length preferably being limited by the ease of preparation or 
use in the intended protocol. 

[0127] To obtain the RNA corresponding to a given tem 
plate sequence through the action of an RNA polymerase, it 
is necessary to place the target sequence under the control of 
the promoter recogniZed by the RNA polymerase. 

[0128] A “promoter” is a control sequence that is a region 
of a nucleic acid sequence at Which initiation and rate of 
transcription are controlled. It may contain genetic elements 
at Which regulatory proteins and molecules may bind, such 
as RNA polymerase and other transcription factors, to ini 
tiate the speci?c transcription a nucleic acid sequence. The 
phrases “operatively positioned,”“operatively linked,”“un 
der control,” and “under transcriptional control” mean that 
a promoter is in a correct functional location and/or orien 
tation in relation to a nucleic acid sequence to control 
transcriptional initiation and/or expression of that sequence. 

[0129] A promoter generally comprises a sequence that 
functions to position the start site for RNA synthesis. The 
best knoWn example of this is the TATA box, but in some 
promoters lacking a TATA box, such as, for example, the 
promoter for the mammalian terminal deoxynucleotidyl 
transferase gene and the promoter for the SV40 late genes, 
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a discrete element overlying the start site itself helps to ?x 
the place of initiation. Additional promoter elements regu 
late the frequency of transcriptional initiation. Typically, 
these are located in the region 30-110 bp upstream of the 
start site, although a number of promoters have been shoWn 
to contain functional elements doWnstream of the start site 
as Well. To bring a coding sequence “under the control of” 
a promoter, one positions the 5‘ end of the transcription 
initiation site of the transcriptional reading frame “doWn 
stream” of (i.e., 3‘ of) the chosen promoter. The “upstream” 
promoter stimulates transcription of the DNA and synthesis 
of the RNA. 

[0130] The spacing betWeen promoter elements frequently 
is ?exible, so that promoter function is preserved When 
elements are inverted or moved relative to one another. The 
spacing betWeen promoter elements can be increased to 50 
bp apart before activity begins to decline. Depending on the 
promoter, it appears that individual elements can function 
either cooperatively or independently to activate transcrip 
tion. Apromoter may or may not be used in conjunction With 
an “enhancer,” Which refers to a cis-acting regulatory 
sequence involved in the transcriptional activation of a 
nucleic acid sequence. 

[0131] T7, T3, or SP6 RNA polymerases display a high 
?delity to their respective promoters. The natural promoters 
speci?c for the RNA polymerases of phages T7, T3 and SP6 
are Well knoWn. Furthermore, consensus sequences of pro 
moters are knoWn to be functional as promoters for these 
polymerases. The bacteriophage promoters for T7, T3, and 
SP6 consist of 23 bp numbered —17 to +6, Where +1 
indicates the ?rst base of the coded transcript. An important 
observation is that, of the +1 through +6 bases, only the base 
composition of +1 and +2 are critical and must be a G and 
purine, respectively, to yield an ef?cient transcription tem 
plate. In addition, synthetic oligonucleotide templates only 
need to be double-stranded in the —17 to —1 region of the 
promoter, and the coding region can be all single-stranded. 
(See Milligan et al.) This can reduce the cost of synthetic 
templates, since the coding region (i.e., from +1 on) can be 
left single-stranded and the short oligonucleotides required 
to render the promoter region double-stranded can be used 
With multiple templates. A further discussion of consensus 
promoters and a source of naturally occurring bacteriophage 
promoters is U.S. Pat. No. 5,891,681, speci?cally incorpo 
rated herein by reference. 

[0132] Use of a T7, T3 or SP6 cytoplasmic expression 
system is another possible embodiment. Eukaryotic cells can 
support cytoplasmic transcription from certain bacterial pro 
moters if the appropriate bacterial polymerase is provided, 
either as part of the delivery complex or as an additional 
genetic expression construct. 
[0133] When made in vitro, siRNA is formed from one or 
more strands of polymeriZed ribonucleotide. When formed 
of only one strand, it takes the form of a self-complementary 
hairpin-type or stem and loop structure that doubles back on 
itself to form a partial duplex. The self-duplexed portion of 
the RNA molecule may be referred to as the “stem” and the 
remaining, connecting single stranded portion referred to as 
the “loop” of the stem and loop structure (FIG. 4). When 
made of tWo strands, they are substantially complementary 
(FIGS. 1, 2, and 3). 
[0134] The cell containing the target gene may be derived 
from or contained in any organism (e.g. plant, animal, 
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protozoan, virus, bacterium, or fungus). The plant may be a 
monocot, dicot or gynmosperm; the animal may be a ver 
tebrate or invertebrate. Preferred microbes are those used in 
agriculture or by industry, and those that a pathogenic for 
plants or animals. Fungi include organisms in both the mold 
and yeast morphologies. Examples of vertebrates include 
?sh and mammals, including cattle, goat, pig, sheep, ham 
ster, mouse, rate and human; invertebrate animals include 
nematodes, insects, arachnids, and other arthropods. Prefer 
ably, the cell is a vertebrate cell. More preferably, the cell is 
a mammalian cell. 

[0135] The cell having the target gene may be from the 
germ line or somatic, totipotent or pluripotent, dividing or 
non-dividing, parenchyma or epithelium, immortaliZed or 
transformed, or the like. The cell can be a gamete or an 
embryo; if an embryo, it can be a single cell embryo or a 
constituent cell or cells from a multicellular embryo. The 
term “embryo” thus encompasses fetal tissue. The cell 
having the target gene may be an undifferentiated cell, such 
as a stem cell, or a differentiated cell, such as from a cell of 
an organ or tissue, including fetal tissue, or any other cell 
present in an organism. Cell types that are differentiated 
include adipocytes, ?broblasts, myocytes, cardiomyocytes, 
endothelium, neurons, glia, blood cells, megakaryocytes, 
lymphocytes, macrophages, neutrophils, eosinophils, baso 
phils, mast cells, leukocytes, granulocytes, keratinocytes, 
chondrocytes, osteoblasts, osteoclasts, hepatocytes, and 
cells, of the endocrine or exocrine glands. 

[0136] As used herein, the terms “cell,”“cell line,” and 
“cell culture” may be used interchangeably. All of these 
terms also include their progeny, Which is any and all 
subsequent generations formed by cell division. It is under 
stood that all progeny may not be identical due to deliberate 
or inadvertent mutations. Ahost cell may be “transfected” or 
“transformed,” Which refers to a process by Which exog 
enous nucleic acid is transferred or introduced into the host 
cell. Atransformed cell includes the primary subject cell and 
its progeny. As used herein, the terms “engineered” and 
“recombinant” cells or host cells are intended to refer to a 

cell into Which an exogenous nucleic acid sequence, such as, 
for example, a small, interfering RNA or a template con 
struct encoding such an RNA has been introduced. There 
fore, recombinant cells are distinguishable from naturally 
occurring cells Which do not contain a recombinantly intro 
duced nucleic acid. 

[0137] In certain embodiments, it is contemplated that 
RNAs or proteinaceous sequences may be co-expressed With 
other selected RNAs or proteinaceous sequences in the same 
host cell. Co-expression may be achieved by co-transfecting 
the host cell With tWo or more distinct recombinant vectors. 
Alternatively, a single recombinant vector may be con 
structed to include multiple distinct coding regions for 
RNAs, Which could then be expressed in host cells trans 
fected With the single vector. 

[0138] A tissue may comprise a host cell or cells to be 
transformed or contacted With a nucleic acid delivery com 
position and/or an additional agent. The tissue may be part 
or separated from an organism. In certain embodiments, a 
tissue and its constituent cells may comprise, but is not 
limited to, blood (e.g., hematopoietic cells (such as human 
hematopoietic progenitor cells, human hematopoietic stem 
cells, CD34+ cells CD4+ cells), lymphocytes and other blood 

Sep. 4, 2003 

lineage cells), bone marroW, brain, stem cells, blood vessel, 
liver, lung, bone, breast, cartilage, cervix, colon, cornea, 
embryonic, endometrium, endothelial, epithelial, esophagus, 
facia, ?broblast, follicular, ganglion cells, glial cells, goblet 
cells, kidney, lymph node, muscle, neuron, ovaries, pan 
creas, peripheral blood, prostate, skin, skin, small intestine, 
spleen, stomach, testes. 

[0139] In certain embodiments, the host cell or tissue may 
be comprised in at least one organism. In-certain embodi 
ments, the organism may be, human, primate or murine. In 
other embodiments the organism may be any eukaryote or 
even a prokayrote (e.g., a eubacteria, an archaea), as Would 
be understood by one of ordinary skill in the art. One of skill 
in the art Would further understand the conditions under 
Which to incubate all of the above described host cells to 
maintain them and to permit their division to form progeny. 

EXAMPLES 

[0140] The folloWing examples are included to demon 
strate preferred embodiments of the invention. It should be 
appreciated by those of skill in the art that the techniques 
disclosed in the examples that folloW represent techniques 
discovered by the inventor to function Well in the practice of 
the invention, and thus can be considered to constitute 
preferred modes for its practice. HoWever, those of skill in 
the art should, in light of the present disclosure, appreciate 
that many changes can be made in the speci?c embodiments 
Which are disclosed and still obtain a like or similar result 
Without departing from the spirit and scope of the invention. 

[0141] Materials 
Examples 1-5. 

[0142] A. Cell Proliferation Assays. 

and Methodology Employed in 

[0143] Transfected HeLa cells Were analyZed using 
Alamar Blue (BioSource International, Inc., CA) at 24 hr 
intervals. Alamar Blue is a compound, that When reduced by 
cellular metabolism, changes from a non-?uorescent blue 
color to a ?uorescent red form that is easily quanti?ed. The 
amount of Alamar Blue reduced is directly proportional to 
the cell number, providing a rapid method for assessing cell 
proliferation. To perform the assay, the Alamar Blue reagent 
Was added into the tissue culture media at a 10% ?nal 
concentration. The mixture Was incubated for 3-6 hr in 
groWth conditions after Which ?uorescence Was quanti?ed 
using a Spectra MaXTM GeminiXSTM (Molecular Devices, 
Sunnyvale, Calif.). 
[0144] B. Immuno?uorescence. 

[0145] HeLa cells used for immuno?uorescence Were 
groWn on chamber slides in DMEM/10% FBS and trans 
fected With the siRNAs, buffer, or phosphorothioate oligo 
nucleotides. 48 hr after transfection, the cells Were ?xed 
With 4% paraformaldehyde/PBS. Cells Were permeabiliZed 
by exposure to 0.1% Triton X-lOO/PBS for 5 min and then 
incubated With 3% BSA in PBS for 1 hr. After incubating 
With a mouse anti-myc monoclonal antibody (Neomarkers) 
at a 1:200 dilution in PBS, the cells Were Washed brie?y With 
PBS, incubated With ?uorescein-conjugated goat anti-mouse 
IgG (Jackson ImmunoResearch Laboratories). The cells 
Were mounted With VectashieldTM (Vector Laboratories). 
Images Were analyZed using an Olympus BX60 TM micro 
scope and acquired With the help of a Hitachi KP-c571 TM 
camera and Adobe® Photoshop®. 
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[0146] C. Transfection of HeLa Cells With siRNAs. 

[0147] Hela S3 cells@5><103 cells/Well Were plated in 
complete medium W/out antibiotics. The cells Were incu 
bated overnight@37° C. in a humidi?ed 5% CO2 incubator. 
Chemically synthesized siRNA stocks Were diluted into 40 
ul Opti-MEMTM (Invitrogen) to indicated ?nal concentra 
tions in 250 ul total volume per Well. EnZymatically syn 
thesiZed siRNA stocks Were diluted into 40 ul Opti-MEMTM 
to indicated ?nal concentrations in 250 ul total volume per 
Well. 

[0148] For transfections, 1.5 ul of OligofectamineTM 
(Invitrogen) Was added to 6 ul of OptiMEMTM for each Well 
being transfected. The mixture Was incubated at room tem 
perature for 5-10 min. The diluted OligofectamineTM Was 
added to prepared siRNAs, mixed gently, and incubated at 
RT for 15-20 min. The cell medium Was aspirated, and 200 
ul fresh groWth medium Was added to each Well. The 
medium Was mixed gently, and then overlaid With ~50 ul of 
the appropriate siRNA/oligofectamine complex. The trans 
fected cells Were incubated at 37° C. in a humidi?ed 5% C02 
incubator. 

[0149] D. Direct Recovery of siRNAs. 

[0150] To prepare chemically or enZymatically produced 
siRNAs for transfection, they must be puri?ed from accom 
panying salts, proteins, and non-dsRNA nucleic acids. The 
hybridiZation, transcription, or nuclease digestion reactions 
used to produce siRNAs can be phenol extracted With 
2><volumes of buffered phenol, extracted With 2><volumes of 
ether or chloroform, and precipitated by adding NH4OAc to 
a ?nal concentration of 0.5 M and 2><volumes of ethanol. 
The siRNA is recovered by centrifuging at 13,200 RPM. The 
siRNA pellet is Washed one time With 70% ethanol. 

[0151] E. Gel Puri?cation of siRNAs. 

[0152] To gel purify siRNAs, 10 pl of 50% sucrose/0.25% 
bromophenol blue is added to the hybridiZation, transcrip 
tion, or nuclease digestion reaction. The sample is loaded on 
a 12% polyacrylamide gel and electrophoresed at 250 volts 
for one hour. The siRNA is detected by UV shadoWing 
(Sambrook 2001). The product band is excised from the gel, 
transferred to a microfuge tube With 400 pl of 2 mM EDTA, 
and incubated overnight at 37° C. The siRNA is recovered 
by transferring the solution to a neW microfuge tube, adding 
NH4OAc to a ?nal concentration of 0.5 M, adding 2><vol 
umes of ethanol, incubating at 20° C. for ?fteen minutes, and 
centrifuging at 13,200 RPM for ?fteen minutes. The siRNA 
pellet is Washed 1>< With 70% ethanol and then dried. 

[0153] F. Column Puri?cation of siRNAs. 

[0154] 400 pl of 1.2><Binding Buffer (625 mM NaCl, 
62.5% EtOH) is added to hybridiZation, transcription, or 
nuclease-digestion reaction. A glass ?ber ?lter in a column 
is equilibrated With 400 pl of 1><Binding Buffer (500 mM 
NaCl, 50% EtOH). The siRNA/binding buffer mixture is 
added to the pre-Wet column and spun at 13,200 RPM for 2 
minutes. The column is Washed 2><With 500 pl of 1><Binding 
Buffer. 100 pl of nuclease-free Water pre-heated to 75° C. is 
added to the column and incubated for tWo minutes. The 
column is spun at 13,200 RPM for 2 minutes. siRNA is in 
the elute. 
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[0155] G. RNAse Digestion. 

[0156] In cases Where a leader sequence is used to 
improve the yield of siRNAs and reduce template con 
straints, the folloWing nuclease digestion step is employed to 
remove a non-homologous leader sequence and non-hybrid 
iZed RNAs. Add 50 pl of nuclease free Water, 0.6 pl of 
10><Nuclease buffer (100 mM Tri pH 7.5, 25 mM MgCl2, 1 
mM CaCl2), and 10 U of RNase Aor 10,000 U of RNase T1, 
or similar unit activity of RNase Sa. Incubate for thirty 
minutes at room temperature. 

[0157] Leader sequence used may dictate Which of the 
nucleases to use. Single strand speci?c Rnases are preferred. 
Thus, RNase T1 preferentially digests single-stranded RNA 
at G residues. RNase A preferentially digests at C and U 
residues. If RNase T1 is to be used, the last nucleotide in the 
leader sequence is preferred to be a G to eliminate the entire 
leader sequence from the siRNA. Likewise, if RNase Ais to 
be used, the last nucleotide in the leader sequence should be 
a C or U. Additionally, RNase Sa, RNase Sa2, or RNase Sa3, 
Whose use and properties are Well knoWn to those of skill in 
the art, may be employed to digest the leader sequences. See 
Hebert et al. (1997) and Pace et al. (1998), both of Which are 
expressly incorporated herein by reference. 

[0158] H. T7 RNA Polymerase 

[0159] T7 RNA Polymerase is used as a preparation that 
includes 200 U/ul of T7 RNA Polymerase, Inorganic Pyro 
phosphatase (IPP) 0.05 U/ul, Placental Ribonuclease Inhibi 
tor (Sambrook 2001) 0.3 U/ul, SuperasinTM (Ambion) 2 
U/ul, and 1% chaps. 

Example 1 

Model Target Genes 

[0160] C-myc and GAPDH Were chosen to evaluate the 
impact of siRNA on the expression of genes in mammalian 
cells. The c-myc proto-oncogene can be a transcription 
repressor and activator and has important roles in cell death 
and cell cycle progression (revieWed in Ryan et al., 1996). 
GAPDH is the metabolic protein Glyceraldehyde-3-phos 
phate Dehydrogenase. It is involved in glycolysis. Reducing 
the expression of either gene sloWs the cell division rate, 
Which can be tracked using the Alomar Blue assay described 
above or by quantifying the number of healthy cells. In 
addition, the abundance of the mRNA and protein from each 
gene can be calculated using standard techniques (RT-PCR, 
Northern analysis, immuno?uorescence, or Western analy 
sis). 

Example 2 

siRNA Target Site Selection 

[0161] Four different double-stranded 21mer siRNAs 
Were designed and prepared for both c-myc and GAPDH. 
These siRNAs Were tested to determine Which siRNA pro 
vided the greatest effect Without affecting non-target genes. 

[0162] 
[0163] The siRNAs speci?c to different regions of the 
c-myc gene are listed in Table 1 (SEQ ID NOS: 3-10) and 
diagrammed in FIG. 5. Also shoWn are the locations of the 
start codon (start), stop codon (stop), coding region, 5‘ and 
3‘UTR’s as Well as the binding site of a Well-characterized 

c-myc siRNA Development 
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antisense oligonucleotide. The antisense oligonucleotide 
that We used has previously been shown to reduce c-myc 
expression (Kimura et al., 1995) and served as a positive 
control in our experiments. 

[0164] 1.5 nanomoles of the sense and anti-sense siRNAs 
Were mixed in a solution comprising 100 mM KOAc, 30 
mM HEPES-KOH pH 7.4, and 2 mM MgOAc. The solu 
tions Were incubated at 37° C. for one minute, then at room 
temperature for one hour. The samples Were evaluated by 
non-denaturing 12% PAGE to con?rm that the majority of 
the RNA Was double-stranded. The siRNAs Were then kept 
in aliquots at —20° C. until they Were transfected. 

[0165] HeLa cells Were transfected With 100 nM of the 
siRNAs and the antisense oligonucleotide. Since reduction 
in c-myc expression levels can lead to a reduction in cell 
division rates, cell proliferation Was monitored at 24 hr 
intervals following transfection. Differences in proliferation 
rates Were ?rst noted 48 hr after the HeLa cells had been 
transfected With the siRNAs. FIG. 6 depicts the relative cell 
proliferation (as compared to a buffer-transfected control) of 
HeLa cells transfected With the various siRNAs, as Well as 
With the optimiZed antisense oligonucleotide, 48 hr after 
transfection. The data demonstrate that siRNAs to different 
regions of the mRNA have variable effects on cell prolif 
eration. 

TABLE 1 

SEQ ID 
Name RNA Sequence (5 ' to 3 ' ) NO: 

5 ' UTR sense GGGAGAUCCGGAGCGAAUAdTdT 3 

5 ' UTR anti-sense UAUUCGCUCCGGAUCUCCCdTdT 4 

Exon 2 sense CUUCUACCAGCAGCAGCAGdTdT 5 

Exon 2 anti-sense CUGCUGCUGCUGGUAGAAGdTdT 6 

Exon 3 sense CACACAACGUCUUGGAGCGdTdT 7 

Exon 3 antisense CGCUCCAAGACGUUGUGUGdTdT 8 

3 ' UTR sense CGAUUCCUUCUAACAGAAAdTdT 9 

3 ' UTR anti-sense UUUCUGUUAGAAGGAAUCGdTdT l0 

Scrambled sense GCGACGUUCCUGAAACCACdTdT ll 

Scrambled antisense GUGGUUUCAGGAACGUCGCdTdT 12 

[0166] The reduction in cell proliferation observed With 
the siRNA to the 3‘ UTR Was similar to that found using the 
optimiZed antisense phosphorothioate oligonucleotide 
complementary to the start codon of the c-myc mRNA 
(Kimura et al., 1995). In contrast, siRNAs against the 5‘ 
UTR and Exon 2 of the c-myc mRNA affected cell prolif 
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eration similarly to the scrambled siRNA sequence, Which 
Was used as a negative control (FIG. 6). All of the trans 
fections and cell proliferation assays Were reproduced in 
independent experiments and the differences in cell prolif 
eration rates Were shoWn to be statistically signi?cant. 

[0167] Immuno?uorescence experiments using an anti 
myc antibody Were used to measure c-myc protein levels to 
con?rm that siRNAs Were reducing expression of c-myc 
(FIG. 7). As With the cell proliferation assay, the siRNA 
corresponding to the 3‘ UTR induced the greatest reduction 
in ?uorescence (FIG. 7), indicating the loWest levels of 
protein. A representative example of the immuno?uores 
cence data for c-myc protein levels is shoWn in FIG. 8. 
These data clearly demonstrate that the siRNA against the 3‘ 
UTR leads to a drastic reduction in c-myc protein levels. The 
amount of ?uorescence detected for the 3‘ UTR sample Was 
nearly equivalent to that observed for the “secondary anti 
body-only” control and no change in GAPDH protein levels 
Was detected after transfection With any of the siRNAs 
complementary to the c-myc mRNA (data not shoWn), 
indicating that the antiviral response pathWay Was not 
induced. The 3‘ UTR speci?c c-myc siRNA Was selected for 
subsequent studies. 

[0168] GAPDH siRNA Development 

[0169] The siRNAs speci?c to different regions of the 
GAPDH gene are listed in Table 2 (SEQ ID NOS: 14-21) 
The four siRNAs Were prepared from DNA oligonucleotides 
using in vitro transcription With T7 RNA polymerase. 

TABLE 2 

SEQ 
ID 

Name RNA Sequence (5 ' to 3 ' ) NO: 

5 ' GAPDH sense UGAUGGCAACAAUAUCCACdTdT l3 

5 ' GAPDH anti-sense GUGGAUAUUGAAGCCAUCAdTdT l4 

5 ' Medial GAPDH sense AAAGUUGUCAUGGAUGACCdTdT l5 

5 ' Medial GAPDH anti 

sense 

GGUCAUCCAUGACAACUUUdTdT l6 

3' Medial GAPDH sense GAAGGCCAUGCCAGUGAGCdTdT l7 

3' Medial GAPDH sense GCUCACUGGCAUGGCCUUCdTdT l8 

3' GAPDHsense CAUGAGGUCCACCACCCUGdTdT l9 

3' GAPDH anti-sense CAGGGUGGUGGACCUCAUGdTdT 20 

[0170] The folloWing synthetic DNA oligomers Were pur 
chased from Integrated DNA Technologies: 

TABLE 3 

SEQ ID 
Name DNA Sequence (5 ' to 3 ' ) NO 

T7 Promoter Primer: GGTAATACGACTCACTATAGGGAGACAGG 2l 

5' GAPDH sense: AAGTGGATATTGTTGCCATCACCTGTCTC 22 














































