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Abstract

The present invention relates to an RNAi-inducing nucleic acid molecule
having a new structure and the use thereof, and more particularly to a nucleic
acid molecule having a structure comprising a first strand, which is 24-121
nt in length and comprises a region complementary to a target nucleic acid,
and a second strand which is 13-21 nt in length and has a region that binds
complementarily to the region of the first strand, which is complementary to
the target nucleic acid, so that the nucleic acid molecule inhibits the
expression of a target gene with increased efficiency, and to a method of

inhibiting the expression of a target gene using the nucleic acid molecule.
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NUCLEIC ACID MOLECULE INDUCING RNA INTERFERENCE, AND

USE THEREOF

TECHNICAL FIELD

The present invention relates to an RNAi-inducing nucleic
acid molecule having a new structure and the use thereof, and
more particularly to a novel nucleic acid molecule having a
structure consisting of a first strand, which 1is 24-121
nucleotides (nt) in length and comprises a partial region
complementary to a target nucleic acid, and a second strand
which is 13-21 nt in length and has a region that binds
complementarily to the partial region complementary to the
target nucleic acid within the first strand, so that the
nucleic acid molecule inhibits the expression of the target
gene with increased efficiency, and to a method of inhibiting
the expression of a target gene using the nucleic acid

molecule.

BACKGROUND ART

RNA interference (RNA1L) is a mechanism capable of
inhibiting the expression of a gene in a highly specific and
efficient manner, in which degradation of the mRNA of a
target gene is induced by introducing a double-stranded RNA,
which comprises a sense strand having a sequence homologous

to the mRNA of the target gene and an antisense strand having
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a sequence complementary to the mRNA of the target gene, into
cells or the like, thereby inhibiting the expression of the
target gene.

In most siRNAs which have been used in the art, the
length of the antisense strand is limited to 19-23
nucleotides (nt). This 1is because the structure of siRNAs
which have been used by researchers mimics the structure of
products obtained by cutting long dsRNAs in cells by a dicer
(Elbashir et al. Nature 2001, 411:494-498). In addition,
early X-ray crystallography studies suggested a model in
which the 5’ and 3’ ends of the siRNA antisense strand
introduced into Argonaute-2 (Ago2) that is the key element of
a RISC complex are bound to the mid domain and the binding
pocket of the PAZ domain, respectively (Song et al. Nat.
Struct. Biol. 2003, 10: 1026-1032), but subsequent studies
revealed that the 3’ end following the 16" nucleotide of the
antisense strand is not bound to the PAZ domain (Wang et al.
Nature 20098, 46l1l: 754-761). This suggests that there can be
flexibility in the sequence and length of the 3’ end of the
siRNA antisense strand.

Meanwhile, an additional study on siRNA reported a
modified siRNA-DNA construct, which comprises a single-
stranded DNA molecule that can function as a primer for PCR
to detect siRNA in a sample (US 2009/0012022 Al). However,

the modified siRNA-DNA construct merely has an additional
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tool for quantification, but has no positive influence on the
efficiency with which a target gene is inhibited.

Accordingly, the present inventors have made extensive
efforts to a novel, RNAi-inducing nucleic acid molecule which
inhibits a target gene with increased efficiency, and as a
result, have designed a double-stranded nucleic acid molecule
comprising a first strand, which 1is 24-121 nt in length and
comprises a region complementary to a target nucleic acid,
and a second strand which is 13-21 nt in length and has a
region that binds complementarily to the region of the first
strand, which 1is complementary to the target nucleic acid,
and the present inventors have predicted that a nucleic acid
oligonucleotide contained in the single-stranded region at
the 3’ end of the first strand will target other target genes
or guide this nucleic acid molecule to the target gene. In
addition, the present inventors have constructed a nucleic
acid molecule structure, which has a long single-stranded
region at the 3’ end of the first strand, using an siRNA
structure (Korean Patent Laid-Open Publication No. 10-2009-
0065880 filled Dby the present inventors) which shows
minimized off-target effects and does not saturate the RNAi
machinery, and the present inventors have predicted that a
nucleic acid oligonucleotide, which is contained in the
single~-stranded region at the 3’ end of the first strand, can

show the effect of targeting other target genes or guiding
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the siRNA at the 5’ end to the target gene, while off-
targeting effects will be minimized, thereby completing the
present invention.

The above information disclosed in this Background
section 1s only for enhancement of understanding of the
background of the present invention, and therefore it may
contalin information that does not form the prior art that is

already known to a person of ordinary skill in the art.

SUMMARY OF INVENTION

It is an object of the present invention to provide a
RNAi-inducing nucleic acid molecule having a novel structure
and an improved effect on the inhibition of gene expression.

To achieve the above object, the present invention
provides an RNAi-inducing nucleic acid molecule comprising a
first strand, which is 24-121 nt in length and comprises a
region complementary to a target nucleic acid, and a second
strand which is 13-21 nt in length and has a region that binds
complementarily to the region of the first strand, which is
complementary to the target nucleic acid.

The present invention also provides a nucleic acid
complex comprising a cell delivery vehicle bound to the RNAi-
inducing nucleic acid molecule.

The present invention also provides a method for

intracellular delivery of an RNAi-inducing nucleic acid
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molecule, the method comprising introducing the above nucleic
acid complex intoc a cell.

The present invention also provides a composition for
inhibiting gene expression, which contains the above RNAi-
inducing nucleic acid molecule.

The present invention also provides a kit for inhibiting
gene expression, which contains the above RNAi-inducing
nucleic acid molecule.

The present i1nvention also provides a method for
inhibiting gene expression, which comprises a step of
introducing the above RNAi-inducing nucleic acid molecule into
a cell.

The present invention also provides a method for
inhibiting expression of a target gene in a cell, the method
comprising a step of expressing the above RNAi-inducing
nucleic acid molecule in the cell.

The present invention also provides an anticancer
composition containing the above RNAi-inducing nucleic acid
molecule.

The present invention also provides a method of
preventing or treating cancer using the above RNAi-inducing
nucleic acid molecule.

Other features and embodiments of the present invention
will be more apparent from the following detailed descriptions

and the appended claims.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic view showing an RNAi-inducing
nucleic acid molecule according to the present invention.

FIG. 2 shows a long-antisense siRNA (1siRNA) obtained by
extending the 3’ end of the antisense strand to provide a
sequence complementary to a target mRNA.

FIG. 3 shows a long-antisense asiRNA (lasiRNA) obtained
by extending the 3’ end of the antisense strand of an asiRNA
structure to provide a sequence complementary to a target
mRNA.

FIG. 4 shows a structure obtained by extending a target
mRNA-targeting ribozyme or DNAzyme sequence at the 3’ end of
a siRNA structure.

FIG. 5 shows siRNA molecule structures that inhibit the
expression of the gene KRAS which is involved in the growth
of cancer cells.

FIG. 6 1is a graphic diagram showing relative KRAS mRNA
levels caused by introduction of nucleic acid molecules
shown in FIG. 5.

FIG. 7 1s a graphic diagram showing the results of
measuring KRAS mRNA expression levels, caused by
introduction of nucleic acid molecules shown in FIG. 5, at

day 1, day 2 and day 3.
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FIG. 8 shows asiRNA and lasiRNA molecule structures for
KRAS.

FIG. 9 1is a graphic diagram showing relative KRAS mRNA

levels caused by introduction of the nucleic acid molecules
5 shown in FIG. 8.

FIG. 10 1is a graphic diagram showing the results of
measuring the viabilities of an AGS cell line, caused by
introduction of the nucleic acid molecules shown in FIG. 8,
at day 5.

10 FIG. 11 shows 1siRNA (21S+10r) and lasiRNA (16S+10r),
which have an extended sequence complementary to mRNA, for
KRAS, and molecule structures (21S+10rc and 16S+10rc) having
an extended sequence non-complementary to mRNA.

FIG. 12 shows relative KRAS mRNA levels caused by

15 introduction of the nucleic acid molecules shown in FIG. 11.

FIG. 13 shows asiRNA and lasiRNA molecule structures for
CTNNB1-2.

FIG. 14 shows KRAS mRNA expression levels caused by
introduction of the nucleic acid molecules shown in FIG. 13.

20 FIG. 15 1is a graphic diagram showing the results of
measuring the wviabilities of a Hep3B cell line, caused by
introduction of the nucleic acid molecules shown in FIG. 13,
at day 5.

FIG. 16 1is a photograph showing the results of 5’RACE

25 (rapid amplification of cDNA ends) analysis.



10

15

20

25

CA 02818662 2013-05-21

BEST MODE FOR CARRYING OUT THE INVENTION

Unless defined otherwise, all technical and scientific
terms used herein have the same meaning as commonly
understood by one of ordinary skill in the art to which the
invention pertains. Generally, the nomenclature used herein
and the experiment methods which will be described later are
those well known and commonly employed in the art.

The definition of main terms wused 1in the detailed
description of the invention is as follows.

As used herein, the term "RNAi” (RNA interference) refers
tc a mechanism by which a double-stranded RNA (dsRNA)
consisting of a strand having a complementary to the mRNA of
a target gene and a strand having a sequence complementary
thereto is introduced into cells or the like to induce the
degradation of the mRNA of the target gene to thereby inhibit
the expression of the target gene.

As used herein, the term "siRNA” (small interfering RNA)
refers to a short double-stranded RNA (dsRNA) that mediates
efficient gene silencing in a sequence- specific manner.

As used herein, the term “antisense strand" refers to a
polynucleotide that is substantially or 100% complementary to
a target nucleic acid of interest. For example, an antisense
strand may be complementary, in whole or in part, to a

molecule of mRNA (messenger RNA), an RNA sequence that is not
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mRNA (e.g., microRNA, piwiRNA, tRNA, rRNA and hnRNA) or a
sequence of DNA that is either coding or non-coding. The
terms T“antisense strand” and “guide strand” are used
interchangeably herein.

The term “sense strand” refers to a polynucleotide that
has the same nucleotide sequence, in whole or in part, as a
target nucleic acid, in which the polynuclectide is identical,
in whole or in part, a molecule of mRNA (messenger RNA), an
RNA sequence that is not mRNA (e.g., microRNA, piwiRNA, tRNA,
rRNA and hnRNA) or a sequence of DNA that is either coding or
non-coding.

As used herein, the term “gene” is intended to have the
broadest meaning, and the gene <can encode a structural
protein or a regulatory protein. Herein, the regulatory
protein includes a transcriptional factor, a heat shock
proteins, or a protein that is involved in DNA/RNA
replication, transcription and/or translation. Also, the
target gene whose expression is to be inhibited is resident
in a viral genome which has integrated into the animal gene
or may be present as an extrachromosomal element. For
example, the target gene may be a gene on an HIV genome. In
this case, the genetic construct is useful in inactivating
translation of the HIV gene in a mammalian cell.

In one aspect, the present invention is directed to an

RNAi-inducing nucleic acid molecule comprising a first strand,
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which is 24-121 nt in length and comprises a region
complementary to a target nucleic acid, and a second strand
which is 13-21 nt in length and has a region that binds
complementarily to the region of the first strand, which is
complementary to the target nucleic acid (see FIG. 1).

In the present invention, examples of the target nucleic
acid include, but are not limited to, mRNA (messenger RNA),
microRNA, piRNA (piwi-interacting RNA), a coding DNA sequence
and a non-coding DNA sequence.

In the present invention, the region complementary to the
target nucleic acid in the first strand is preferably 19-21
nt 1in length. Thus, the first strand comprises a single-
stranded region which does not bind to the second strand.
Preferably, the first strand may further comprise, in the
single-stranded region, a nucleic acid oligonucleotide
selected from the group <consisting of antisense DNA,
antisense RNA, ribozyme and DNAzyme.

In the present invention, the single-stranded region of
the first strand, which does not bind complementarily to the
second strand, can be linked directly or by a linker to the
region that binds complementarily to the second strand.
Herein, the linker may be a chemical linker. Examples of the
chemical linker include, but are not limited to, a nucleic
acid moiety, PNA (a PNA moiety), a peptide moiety, a

disulfide bond or a polyethylene glycol moiety.

-10-
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In the present invention, the first strand may further
comprise, in the single-stranded region, a sequence that is
complementary or non-complementary to the target nucleic acid.
When the first strand comprises the complementary sequence,
the complementary sequence may be located consecutively from
the double-stranded region of the nucleic acid molecule of
the present invention, that is, the region of siRNA, which is
complementary to the target nucleic acid. Alternatively, the
complementary sequence may also be located apart from the
double-stranded region. Likewise, the sequence that is
targeted by siRNA, and the sequence that is targeted by the
ribozyme or DNAzyme of the single-stranded region may be
located consecutively or located apart from each other. In
addition, in the case in which the single-stranded region of
the first strand has the sequence complementary to the target
gene targeted by the siRNA, when the sequence contained in
the single-stranded region is antisense DNA or antisense RNA,
the sequence may be at least about 70-80%, more preferably at
least about 80-90%, and even more preferably ét least 95-99%
complementary to the sequence of the target gene targeted by
the siRNA, and when the single-stranded region is ribozyme or
DNAzyme, the sequence of the single-stranded region may be at
least about 50-60% complementary to the sequence of the

target gene targeted by the siRNA.

S11-



10

15

20

25

CA 02818662 2013-05-21

In addition, the single-stranded region may be 5-100 nt
in length. If the length of the single-stranded region is
less than 5 nt, the effect of increasing the efficiency with
which gene expression is inhibited will be insignificant, and
if the length is more than 100 nt, the efficiency with which
an RNA molecule is synthesized will be reduced. Preferably,
the single-stranded region may be 9-100 nt in length or 50 nt
or less in length. More preferably, the single-stranded
region may be 10-15 nt in length.

In the present invention, at least one of the nucleotides
of the single-stranded region in the first strand may
comprise a bulky base analog. When an extended sequence
comprises a bulky base analog such as a deoxyadenosine
derivative having a phenyl group, a mRNA strand that binds
complementarily to the extended sequence is cleaved at the
location of the bulky base analog. Any bulky base analog
that induces this cleavage may be used without limitation in
the present invention.

In the present invention, it was predicted that the 5
end o¢f a nucleic structure obtained by extending the
antisense strand of siRNA in a manner complementary to a
target mRNA sequence will function as the RNAi mechanism
while the 3' end will function as an antisense mechanism or
guide the 5' end siRNA to the target mRNA. When the sequence

of the antisense 3’'-end, which is complementary to mRNA, is

-12-
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DNA, it can 1induce RNase H-dependent mRNA cleavage. In
addition, it was predicted that when at least one of the
nucleotides of the single—étranded region of the antisense
3’-end comprises a bulky base analog or the single-stranded
region binds to mRNA to form a bulge structure, cleavage can
be induced. Further, when a nucleic acid molecule comprising
the ribozyme or DNAzyme introduced into the single-stranded
region of the first strand can induce synergistic cleavage.
Korean Patent Laid-Open Publication No. 10-2009-0065880
discloses an siRNA structure which 1is an siRNA molecule
consisting of a 19-21 nt antisense strand and a 13-16 nt
sense strand, in which the 5’ end of the antisense strand is
a blunt end. This siRNA structure inhibits gene expression
at high efficiency without causing off-target effects by the
sense strand of siRNA or inhibiting other RNAi mechanisms.
When the structure of the present invention is applied to
this siRNA, off-target effects can be minimized while the
above-described effect of the nucleic acid oligonucleotide
contained in the single-stranded region of the first strand
can be obtained. As used herein, the term "off-target
effects" refers to any instance in which the sense strand of
siRNA causes the unexpected degradation of other mRNAs or the
silencing of the corresponding genes, and the antisense
strand of siRNA is paired with undesired targets to cause the

degradation of other mRNAs or the silencing of the

-13-
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corresponding genes, even though siRNA is originally used to
induce the degradation of mRNA having a sequence
complementary to the antisense strand so as to obtain the
effect of inhibiting the gene expression of the mRNA.

The siRNA molecule of the present invention may be a

molecule synthesized according to a general method, but is

not limited thereto. In other words, 1in the present
invention, the siRNA molecule may be chemically or
enzymatically synthesized. The siRNA molecule of the present

invention may be derived from naturally occurring genes by
standard recombinant techniques. In this case, the siRNA
molecule may be substantially complementary at the nucleotide
sequence level to at least a portion of mRNA of the target
gene, the expression of which is to be changed.

Accordingly, the nucleic acid molecule of the present
invention may comprise a chemical modification. The chemical
modification may be obtained by replacing the hydroxyl group
at position 2’ of ribose of at least one nucleotide, included
in the nucleic acid molecule, by any one of a hydrogen atom,
a fluorine atom, an -0-alkyl group, an -0O-acyl group and an
amino group, but 1s not limited thereto. In order to
increase the ability to deliver the nucleic acid molecule,
the hydroxyl group may be replaced by any one of -Br, -Cl, -R,
-R'OR, -SH, -SR, =-N3 and -CN (R= alkyl, aryl, or alkylene).

In addition, the chemical modification may be obtained by

-14-
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replacing the phosphate backbone of at least one nucleotide
by any one of a phosphorothicate form, phosphorodithiocate
form, alkylphosphonate form, phosphoroamidate form and
boranophosphate form. Further, the chemical modification may
be obtained by replacing at least one nucleotide included in
the nucleic acid molecule by any one of LNA (locked nucleic
acid), UNA (unlocked nucleic acid), morpholino and PNA
(peptide nucleic acid). In addition, the chemical
modification may be obtained by binding the nucleic acid
molecule to one or more selected from the group consisting of
lipids, cell penetrating peptides and cell targeting ligands.

In addition, the nucleic acid molecule according to the
present invention may be bound to a cell delivery vehicle for
introduction into a cell. Thus, 1n another aspect, the
present invention 1is directed to a nucleic acid complex
comprising a cell delivery vehicle bound to the RNAi-inducing
nucleic acid molecule.

In the present invention, the cell delivery vehicle may
be selected from the group consisting of cationic polymers,
lipids, cell penetrating peptides and cell targeting ligands.
Cationic cell delivery vehicles such as cationic polymers and
cationic lipids are positively charged reagents that are used
to deliver nucleic acid (i.e., siRNA) into cells in vitro or
in vivo. The cationic cell delivery vehicle can strongly

interact with the nucleic acid molecule of the present

-15-
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invention to form a complex so that the RNAi-inducing nucleic
acid molecule can be effectively introduced into a cell. The
cell delivery vehicle that is used in the present invention
may be a cationic polymer such as polyethyleneimine (PEI) or
a liposome such as LipofectamingMZOOO (Invitrogen), but is
not limited thereto. It will be obvious to those skilled in
the art that a positively charged reagent can be used to
provide the complex according to the present invention.
Further, a lipid such as cholesterol may be linked directly
to the nucleic acid molecule or 1linked indirectly to the
nucleic acid molecule through another cell delivery vehicle.

In addition, embodiments of the present invention suggest
that the RNAi-inducing nucleic acid molecule of the present
invention provides the effect of efficiently inhibiting the
expreésion of a target gene. Thus, in still another aspect,
the present invention is directed to a composition for
inhibiting gene expression, which contains the above RNAi-
inducing nucleic acid molecule. Herein, the nucleic acid
molecule may be in the form of a nucleic acid complex having
the cell delivery vehicle bound thereto.

In an example of the present invention, it was found that,
when the nucleic acid structure of the present invention was
applied to an siRNA targeting the target gene KRAS or CTNNB1-
2, the efficiency with which the expression of the target

gene 1is inhibited could be significantly increased, and the

- 16 -
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efficacy thereof could also be maintained for a long period
of time. Thus, it will be obvious to those skilled in the
art that, even when nucleic acid molecules targeting.other
target genes are provided according to the present invention,
the same results can be obtained.

Meanwhile, the composition for inhibiting gene expression
according to the present invention may be provided in the
form of a kit for inhibiting gene expression. The kit for
inhibiting gene expression may take the form of bottles, tubs,
sachets, envelops, tubes, ampoules, and the like, which may
be formed in part or in whole from plastic, glass, paper,
foil, wax, and the like. The container may be equipped with
a fully or partially detachable 1lid that may initially be
part of the container or may be affixed to the container by
mechanical, adhesive, or other means. The container may also
be equipped with a stopper, allowing access to the contents
by a syringe needle. The kit may comprise an exterior
package which may include instructions regarding the use of
the components.

In yet another aspect, the present invention is directed
to a method of inhibiting expression of a target gene in a
cell wusing the above RNAi-inducing nucleic acid molecule.
That 1is, the present invention is directed to a method for

inhibiting expression of a target gene in a cell, which

-17-
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comprises a step of introducing the above RNAi-inducing
nucleic acid molecule into a cell.

In the present invention, the first strand of the RNAi-
inducing nucleic acid may be complementary to the mRNA
sequence of a target gene.

In the present invention, the target gene may be an
endogeneous gene or a transgene.

The nucleic acid molecule according to the present
invention is not necessarily limited to a synthetic siRNA and
can also advantageously be applied to siRNA or shRNA, which is
expressed in cells using an expression vector or the like. 1In
other words, the nucleic acid molecule of the present
invention can be expressed in cells to inhibit the expression
of the target gene. Thus, in a further aspect, the present
invention is directed to a method for inhibiting expression of
a target gene in a cell, the method comprising a step of
expressing the above RNAi-inducing nucleic acid molecule in
the cell.

Meanwhile, the RNAi-inducing nucleic acid molecule of the
present invention can be used to inhibit the expression of a
target gene such as a gene that causes or grows cancer by
over-expression, that is, a tumor-related gene. Thus, the
RNAi-inducing nucleic acid molecule is useful as an
anticancer composition. Herein, the tumor-related gene may

be any one of KRas, Wnt-1, Hecl, Survivin, Livin, Bcl-2, XIAP,

-18 -
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Mdm2, EGF, EGFR, VEGF, VEGFR, Mcl-1, IGF1R, Aktl, Grp78,
STAT3, STAT5a, PB-catenin, WISPl and c-myc, but is not limited
thereto. In one example of the present invention, it was
found that the gene KRAS involved in the growth of cancer
cells was inhibited by introducing the siRNA molecule of the
present invention into cells. 1In addition, it was shown that
an siRNA molecule targeting the beta-catenin gene killed a
cancer cell line.

The anticancer composition of the present invention may
be provided as a pharmaceutical composition comprising the
RNAi-inducing nucleic acid molecule or a complex comprising
the nucleic acid molecule bound to a cell delivery vehicle
alone or in combination with at least one pharmaceutically
acceptable carrier, excipient or diuent. The complex may be
contained in the pharmaceutical composition in a
pharmaceutically effective amount according to a disease and
the severity thereof, the patient’s age, weight, health
condition and sex, the route of administration and the period
of treatment.

As used herein, the term "pharmaceutically acceptable
composition" refers to a composition that is physiologically
acceptable and does not cause gastric disorder, allergic
reactions such as gastrointestinal disorder or vertigo, or
similar reactions, when administered tc humans. Examples of

said carrier, excipient or diluent may include lactose,

-19-
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dextrose, sucrose, sorbitol, mannitol, xylitol, erythritol,
maltitol, starch, acacia rubber, alginate, gelatin, calcium
phosphate, calcium silicate, cellulose, methyl cellulose,
polyvinylpyrrolidone, water, methylhydroxybenzoate,
propylhydroxybenzoate, magnesium stearate and mineral oils.

The pharmaceutical composition may additionally contain
fillers, anti-aggregating agents, lubricants, wetting agents,
perfumes, emulsifiers and preservatives. Also, the
pharmaceutical composition of the present invention may be
formulated using a method well known in the art, such that it
can provide the rapid, sustained or delayed release of the
active 1ingredient after administration to mammals. The
formulation may be in the form of sterile injection solutions,
etc.

Meanwhile, the RNAi-inducing nucleic acid molecule of the
present invention or a complex comprising the nucleic acid
molecule bound to a cell delivery vehicle may further
comprise a known anticancer chemotherapeutic agent to provide
combined effects. Examples of a known anticancer
chemotherapeutic agent that may be wused in the present
invention include cisplatin, carboplatin, oxaliplatin,
doxorubicin, daunorubicin, epirubicin, idarubicin,
mitoxantrone, valubicin, curcumin, gefitinib, erlotinib,
irinotecan, topotecan, vinblastine, vincristine, docetaxel,

paclitaxel and the like.

-20-
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EXAMPLES
Hereinafter, the present invention will be described in
further detail with reference to examples. It will be
obvious to a person having ordinary skill in the art that
these examples are illustrative purposes only and are not to

be construed to limit the scope of the present invention.

Example 1: Construction of 1ong-antisense-guided sSiRNA:

Preparation Example 1

An siRNA was constructed in the following manner: the
second strand had a short length of 21 nt; the region of the
first strand, which forms a double strand with the second
strand, was 19 nt in length; and the 3’ end of the first
strand had a 17-nt single-stranded region complementary to a
target mRNA. The constructed siRNA having the long antisense
strand was named “long-antisense siRNA (1siRNA) ”. The
nucleic acid oligonucleotide included in the extended
sequence allows the siRNA to be guided to the target mRNA or

to function as a typical antisense mechanism (see FIG. 2).

Example 2: Construction of long-antisense asiRNA:

Preparation Example 2

An siRNA was constructed in the following manner: the
second strand had a short length of 15 nt; the region of the

first strand, which forms a double strand with the second

221 -
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strand, was 19 nt in length; the 3’ end of the first strand
had a 17-nt extended sequence complementary to a target mRNA;
and the 5’ end of the first strand was a blunt end. The
constructed siRNA having the long antisense strand was named
“long-antisense asiRNA {lasiRNA)”. The nucleic acid
oligonucleotide included in the extended sequence allows the
siRNA to be guided to the target mRNA or to function as a

typical antisense mechanism (see FIG. 3).

Example 3: Construction of DNAzyme (or ribozyme)-guided

SiRNA (siRZNA): Preparation Example 3

A structure having a long antisense strand was
constructed using CTNNB1-2siRNA and Dz339 DNAzyme in the
following manner: the sense strand had a short length of 21
nt; and the 3’ end of the 19-nt antisense strand had DNAzyme.
The constructed structure was named “DNAzyme-guided siRNA

(siRZNA)” (see FIG. 4).

Example 4: Construction of 1siRNA that inhibits

expression of KRAS gene and examination of the ability to

inhibit expression of KRAS gene

An siRNA that inhibits the expression of the gene KRAS
involved in the growth of cancer cells was designed. In
addition, long antisense siRNAs (1siRNAs) were constructed by

adding each of 5 nt, 10 nt and 15 nt to the 3’ end of the
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antisense strand of a conventional siRNA structure (19+42).
Herein, structures (21S+5d, 10d and 15d) having an extended
DNA sequence complementary to a target mRNA, and control
structures (21S+5c, 10c and 15c¢) having an extended DNA
sequence non-complementary to a target mRNA were constructed,
and the efficiencies with which the constructed structures
inhibit the expression of the target gene were compared with
each other (see FIG. 5). In addition, a structure (21+15d-
mut) was constructed by mutating the seed sequence of 1siRNA,
and whether the ability of 1siRNA to inhibit gene expression
is dependent on the seed sequence, like siRNA, was tested.
Each of siRNA and 1siRNA was transfected into AGS cells (ATCC
CRL 1739, Gastric adenocarcinoma, human) at a concentration
of 10 nM using lipofectamine 2000 (Invitrogen). Primers used
in real-time PCR for mRNA measurement are as follows:

KRAS

forward sequence 5'-GAGTGCCTTGACGATACAGC-3' (SEQ ID NO:
15); and

reverse sequence 5'-CCCTCATTGCACTGTACTCC-3' (SEQ ID NO:
16).

As a result, as can be seen in FIG. 6, the 1siRNA having
the single-stranded region complementary to the target mRNA
showed an improved ability to inhibit the target gene,
compared to the conventional siRNA structure, and this

tendency was proportional to the length of the single-
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stranded region. However, in the case of the control 1siRNA
having the single-stranded region non-complementary to the
target mRNA, this improved ability to inhibit gene expression
could not be observed. In the case of the 1siRNA having the
seed sequence mutation, the ability to inhibit the target
gene nearly disappeared. This suggests that 1siRNA inhibits
the target gene by the seed sequence—depenaent RNAi mechanism,
like conventional siRNA, and does not show nonspecific gene
silencing caused by the modified structure.

Then, whether the ability of 1siRNA to inhibit the target
gene is sufficiently maintained after intracellular
introduction compared to that of siRNA was examined. It was
shown that the ability of the conventional siRNA structure to
inhibit gene expression reached a maximum at 1 day after
intracellular introduction and reduced at 2 days and 3 days
after intracellular introduction (see FIG. 7). However, the
ability of 1siRNA to inhibit the expression of the target
gene was maintained even up to 3 days after intracellular
introduction. On the contrary, in the case of the control
1siRNA having the single-stranded region non-complementary to
the target mRNA, this improved ability to inhibit gene
expression could not be observed. Such results suggest that
the 1siRNA having the single-stranded region complementary to
the mRNA of the target gene exhibits the high efficiency with

which it inhibits gene expression, compared to the
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conventional siRNA structure, and the efficacy thereof 1is

also maintained for a longer period of time.

Example 5: Construction of lasiRNA that inhibits

expression of KRAS gene and examination of the ability to

inhibit expression of KRAS gene

In addition to Example 4, examination was performed in
order to determine whether the nucleic acid molecule
structure of the present invention, when applied to an
asymmetric shorter duplex siRNA (asiRNA), can improve the
ability to inhibit the expression of the target gene.

In a manner similar to Example 4, structures (165S+5d, 10d
and 15d) were constructed by extending the 3’ end of the
antisense strand of the conventional asiRNA structure with
DNA having a sequence complementary to a target mRNA, and
control structures (16S+5c, 10c and 15c¢; long antisense
asiRNA (lasiRNA)) having an extended DNA sequence non-
complementary to a target mRNA were constructed (see FIG. 8).
The constructed structures were transfected into AGS cells,
and the abilities to inhibit the growth of cancer cells were
compared. These RNAs were transfected into AGS cells, and
then real-time PCR was performed in the same manner as
described in Example 4 in order to verify the efficiencies
with which the structures inhibit the expression of the

target gene KRAS (see FIG. 9). Each of asiRNA and lasiRNA
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was transfected 1nto AGS cells (ATCC CRL 1739, Gastric
adenocarcinoma, human) at a concentration of 10 nM using
lipofectamine 2000 (Invitrogen).

As a result, the target mRNA inhibitory ability of the
lasiRNA having the extended single-stranded sequence
complementary to the target mRNA increased in proportional to
the length of the extended sequence, similar to the case of
1siRNA. However, this effect was not observed in the case in
which the extended sequence was not complementary to the

target mRNA.

Example 6: lasiRNA that inhibits expression of KRAS gene

and examination of the ability of lasiRNA to inhibit growth

of AGS cancer cells

Then, examination was performed in order to determine
whether the KRAS-targeting 1siRNA and lasiRNA structures
showing an improved ability to inhibit the target gene,
compared to siRNA and asiRNA, also have increased ability to
inhibit the growth of AGS cancer cells. Specifically, AGS
cells seeded in a 96-well plate were transfected with 10 nM
of RNA wusing 1lipofectamine 2000, and after 5 days, the
viability of the cells was measured by visually counting the
number of the cells through microscopic observation.

As a result, it was shown that the ability to inhibit the

expression of KRAS mRNA had a high relationship with the
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ability to inhibit the growth of cancer cells. Specifically,
it was shown that 1siRNA (215+15d) having the extended
sequence of 15 nucleotides showed a strong ability to inhibit
the growth of cancer <cells, compared to siRNA, and the
ability of lasiRNA (16S+15d) to inhibit the growth of cancer
cells increased compared to that of asiRNA (see FIG. 10).
Meanwhile, the 1siRNA having a mutation introduced into the
seed sequence (LASmut) did not induce the inhibition of
cancer cell growth, suggesting that nonspecific cytotoxicity
by the 1long extended sequence structure does not appear.
Such results suggest that, when a single-stranded region
complementary to a target mRNA is introduced into the 3’ end
of the antisense strand of each of siRNA and asiRNA, the
ability to inhibit gene expression and the expression of

phenotypes in cells can be increased.

Example 7: Examination of the abilities of 1siRNA and

lasiRNA (having RNA as extended sequence) to inhibit

expression of KRAS gene

Then, examination was performed in order to determine
whether the abilities of 1siRNA and lasiRNA (each having RNA
in place of DNA as an extended sequence) to inhibit the
expression of a target gene increase compared to those of

SiRNA and asiRNA, which correspond thereto.
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As shown in FIG. 11, 1siRNA (21S+10r) and lasiRNA
(165+10r), each having a 10-nt extended sequence
complementary to mRNA, were constructed, and control
structures (218+10rc, and 16S+10rc), each having an extended
sequence non-complementary to mRNA, were also constructed.
The constructed structures were transfected into AGS cells,
and then the efficiencies with which they inhibited the
expression of KRAS mRNA were examined in the same manner as
described in Example 4.

As a result, as can be seen in FIG. 12, 1siRNA and
lasiRNA, which have the extended RNA sequence, had a high
ability to inhibit the expression of the target gene,
compared to siRNA and asiRNA, which correspond thereto.
Particularly, lasiRNA having an extended RNA sequence showed
an increased inhibitory ability compared to lasiRNA having an
extended DNA sequence. This suggests that the ability to
inhibit the expression of the target gene can be achieved
even when the long antisense sequence is RNA in addition to

DNA.

Example 8: Construction of lasiRNA that inhibits

expression of CTNNBl gene and examination of the ability to

inhibit expression of CTNNBl gene

8-1: Measurement of CTNNB1 mRNA expression level
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Then, 1in order to examine whether the nucleic acid
molecule structure of the present invention can increase the
activity of asiRNAs that target other genes, lasiRNA
structures corresponding asiRNAs targeting beta-catenin
(CTNNB1l) were constructed (see FIG. 13). Then, each of the
constructed structures was transfected into Hep3B cells (ATCC
HB 8064) at a concentration of 10 nM using lipofectamine 2000,
and then the ability to inhibit the expression of the target
gene was examined by real-time PCR.

CTNNB1

forward sequence 5'-ATGTCCAGCGTTTGGCTGAA-3' (SEQ ID NO:
32); and

reverse sequence 5'-TGGTCCTCGTCATTTAGCAGTT-3' (SEQ ID NO:
33).

As a result, as can be seen in FIG. 14, the ability of
asiRNA to inhibit the expression of the target gene decreased
compared to that of the conventional siRNA structure, but the
target gene inhibitory ability of the lasiRNA (16S+15d)
having a 15 nt DNA sequence complementary to the mRNA
sequence at the 3’ end of the antisense strand increased to a
level similar to that of siRNA. On the other hand, in the
case of the structure (16S+15c) having an extended DNA
sequence non-complementary to the target gene, the decrease
in the ability to inhibit the target gene was insignificant

compared to that of asiRNA. Thus, it was found that the
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lasiRNA structure has an increased ability to inhibit the

target gene, regardless of the asiRNA sequence.

8-2: Measurement of the ability to inhibit growth of

Hep3B cancer cells

The increased ability of the lasiRNA structure to inhibit
the target gene was verified again by measuring the ability
to inhibit the growth of Hep3B cancer cells. Specifically,
10 nM of each of siRNA, asiRNA and lasiRNA was transfected
into Hep3B cells, and after 5 days, the degree of cell growth
was examined by counting the number of the cells. The
viability of the cells was examined by visually counting the
number of the cells through microscopic observation. Briefly,
AGS cells seeded in a 96-well plate were transfected with 10
nM of each of siRNA, asiRNA and lasiRNA, and after 5 days,
the number of viable cells was visually counted.

As a result, as can be seen in FIG. 15, the ability of
asiRNA to kill cancer cells decreased compared to that of
siRNA, but lasiRNA having an extended sequence complementary
to the target gene showed cell killing ability similar to
that of siRNA. On the other hand, the cell killing ability
of lasiRNA having an extended sequence non-complementary to
the target gene did not increased compared to that of asiRNA.
This suggests that the siRNA molecule containing an extended

sequence complementary to the target gene at the 3’ end of
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the antisense strand has an increased ability to inhibit the

expression of the target gene.

Example 9: Analysis of mechanism of inhibition of gene

expression

In order to examine whether the nucleic acid molecule of
the present invention inhibits gene expression according to
the same RNA1I mechanism as the conventional 19+2 siRNA or
asiRNA, the following test was performed. Specifically, to
analyze a cleavage site for a target mRNA, 5’RACE (rapid
amplification of cDNA ends) analysis was performed.

First, each of siKRAS, asiKRAS, LaiKRAS and LasiKRAS,
constructed in Examples 4 and 5, was introduced into Hela
cells using PEI, and after 18 hours, total RNA was extracted
using a Tri-reagent kit (Ambion). The total RNA (3ug) was
ligated with 0.25 npg of GeneRacerTM RNA oligo, and the
GeneRacer RNA oligo-ligated total RNA was reverse-transcribed
using GeneRacer oligo dT and SuperScript™ 1III RT kit
(Invitrogen). The RNA oligo-ligated mRNA was amplified using
gene-specific primers. The PCR product was cloned into a T&A
vector (RBC), and then sequenced with a M13 forward primer.

KRAS Gene specific Primer:

5'"-CTGCATGCACCAAAAACCCCAAGACA-3"' (SEQ ID NO: 34);

KRAS Gene Specific Primer Nested:

5'-CACAAAGAAAGCCCTCCCCAGTCCTCA —-3' (SEQ ID NO: 35).
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As a result, as can be seen in FIG. 16, the cases of
treatment with siKRAS, asiKRAS, LsiKRAS and LasiKRAS could
provide RACE products having the same size. Also, these RACE
products were cloned into T-vectors (RBC), and an accurate
cleavage position in the nucleotide sequence was examined by
sequencing. As a result, it was shown that, in the cases of
siKRAS, asiKRAS, LsiKRAS and LasiKRAS, the mRNA position
corresponding to the position between 10 nucleotide and 11%"

nucleotide from the 5’ end of the antisense was cleaved.

INDUSTRIAL APPLICABILITY

As described above, the nucleic acid molecule structure of
the present invention targets a target gene complementary to
a portion of the first strand by the nucleic oligonucleotide
included in the single-stranded region at the 3’ end of the
first strand to guide the siRNA into the target gene to
thereby increase the efficiency with which the nucleic acid
molecule inhibits the target gene. Alternatively, the
nucleic acid molecule of the present invention can either
increase the ability of the siRNA to bind to the target gene
or cause synergistic cleavage, by introduction of antisense
DNA, antisense RNA, ribozyme or DNAzyme, thereby increasing
the efficiency with which the nucleic acid molecule inhibits
the target gene. In addition, when the nucleic acid molecule

according to the present invention is used, the efficiency
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according to the present invention is used, the efficiency
with which the target gene is inhibited can be maintained for
an extended period of time. Accordingly, the RNAi-inducing
nucleic acid molecule of the present invention can be
effectively wused for the treatment of cancer or viral
infection in place of conventional siRNA molecules.

Although the present invention has been described in
detail with reference to the specific features, it will be
apparent to those skilled in the art that this description is
only for preferred embodiments. Thus, the embodiments
described and illustrated herein should not be considered to
limit the invention as construed 1in accordance with the

accompanying claims.
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We Claim:

1. Use of an RNAi-inducing nucleic acid molecule for inhibiting expression of a target gene in
a mammalian cell, wherein the RNAi-inducing nucleic acid molecule comprises:
a first strand of 24-119 nt length comprising a region 100% complementary to a target
nucleic acid, wherein the region 100% complementary to the target nucleic acid comprises
the 19 most 5’ nucleic acids of the first strand;
a second strand of 16 nt length that binds complementarily to the region of the first strand
100% complementary to the target nucleic acid, and
wherein the second strand binds to the first strand such that the first strand has a double-
stranded region to which the second strand binds and a single-stranded region to which the
second strand does not bind, and wherein the 5’ end of the first strand and the 3’ end of the

second strand form a blunt end.

2. The use of claim 1, wherein the target nucleic acid is any one of mRNA (messenger RNA),
microRNA, piRNA (piwi-interacting RNA), a coding DNA sequence and a non-coding DNA

sequence.

3. The use of claim 1, wherein the first strand further comprises, in the single-stranded region,
a nucleic acid oligonucleotide which is antisense DNA, antisense RNA, ribozyme or

DNAzyme.

4. The use of claim 1, wherein the nucleic acid molecule comprises a chemical modification.

5. The use of claim 4, wherein the chemical modification is obtained by replacing the hydroxyl
group at position 2’ of ribose of at least one nucleotide included in the nucleic acid molecule

by any one of a hydrogen atom, a fluorine atom, an -O-alkyl group, and an amino group.

6. The use of claim 4, wherein the chemical modification is obtained by replacing the phosphate
backbone of at least one nucleotide included in the nucleic acid molecule by any one of a
phosphorothioate form, phosphorodithioate form, alkylphosphonate form, phosphoroamidate

form and boranophosphate form.
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7. The use of claim 4, wherein the chemical modification is obtained by replacing at least one
nucleotide included in the nucleic acid molecule by any one of LNA (locked nucleic acid),

UNA (unlocked nucleic acid), morpholino and PNA (peptide nucleic acid).

8. The use of claim 4, wherein the chemical modification is obtained by binding the nucleic

acid molecule to one or more of lipids, cell penetrating peptides or cell targeting ligands.

9. The use of claim 1, wherein the target gene is a tumor-related gene.

10. The use of claim 9, wherein the tumor-related gene is any one of KRAS, Wnt-1, Hecl,
Survivin, Livin, Bcl-2, XIAP, Mdm2, EGF, EGFR, VEGF, VEGFR, Mcl-1, IGFIR, Aktl,
Grp78, STAT3, STATSa, -catenin, WISP1 or c-myc.

11. The use of claim 1, wherein the first strand is of 26-31 nt length.

12. The use of claim 1, wherein the first strand is of 31 nt length.
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