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Scheme 10 Synthetic cycle for stereoregulated PS-ODNs using
N-acyl-oxazaphospholidine monomers 52.

which requires switching monomer sets to synthesize PS/PO-
chimeric oligonucleotides, as described above. This method
may also be compatible with the phosphoramidite method
because the intermediates do not have phosphorothioate
diesters, which are sensitive to oxidizing agents, although
two sets of monomers and activators would be necessary.

5.4. Stereoselective synthesis of monomer units and their
application to the synthesis of stereoregulated P-chiral
oligonucleotide analogs

The methods using a base-promoted condensation of diastereo-
pure monomers give the desired P-chiral oligonucleotides with
complete stereospecificity as described in the previous section.
However, the separation of monomers from diastereomixtures
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(ca. 1 : 1) by chromatography is troublesome. The reactive P™
monomers suffer from partial decomposition during the
chromatographic resolution, whereas the efficiency of conden-
sation reactions of the more stable P¥ monomers is relatively
low, although they can be separated without decomposition.
To overcome this problem, various studies targeting the
development of monomers that can be stereoselectively
synthesized have been conducted.

Just et al. have reported several types of 2’-deoxyribo-
nucleoside 3’-O-indolooxazaphosphorine monomers that can
be stereoselectively synthesized using chiral auxiliaries and
applied them to the synthesis of PS-ODN 2mers.®”%® For
example, they synthesized an optically pure amino alcohol
(Scheme 11, 56) from Ny-(benzyloxycarbonyl)-tryptophan
and used it as a chiral auxiliary in the synthesis of a thymidine
3/-0-indolooxazaphosphorine derivative 58.%% Only one of the
two possible P-isomers of 58 was obtained stereoselectively.
(Configuration of the phosphorus atom was not assigned.)
Compound 58 was then allowed to react with 3’-O-TBDMS-
thymidine in the presence of DBU. The reaction was almost
completely stereospecific, and after subsequent sulfurization
and deprotection, (Rp)-dithymidine phosphorothioate (59)
(Rp : Sp = 98 :2) was obtained. Although this monomer
and the other indolooxazaphosphorine derivatives have not
been applied to the synthesis of oligonucleotides longer than
2mers, these studies have clearly demonstrated that such
monomers, which can be stereoselectively synthesized by using
chiral auxiliaries, can be employed for the synthesis of inter-
nucleotidic chiral phosphate analogs via a base-promoted
stereospecific reaction.

On the other hand, Agrawal et al. have reported the
stereoselective synthesis of nucleoside 3’-O-oxazaphospholidine
derivatives and their applications as monomer units for oligo-
nucleoside phosphorothioates (Scheme 12).3°2 Monomers 60
were synthesized by the reaction of the corresponding
protected nucleosides bearing a 3’-OH with the prolinol-
derived 2-chloro-1,3,2-oxazaphospholidine.”*** Only the trans
isomers were obtained stereoselectively from both L- and
p-prolinols. Unlike the N-acyl-oxazaphospholidine monomers
52 shown in Scheme 10 and the indolooxazaphosphorine
monomer 58 shown in Scheme 11, the condensation reactions
of the oxazaphospholidine monomers 60, which were activated
by 1H-tetrazole like the widely used phosphoramidite
monomers, were not stereospecific. When eight dinucleoside
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Scheme 11 Synthesis of (Rp)-TpsT 59 via stereoselective synthesis of thymidine 3’-O-indolooxazaphosphorine derivative 58 and its stereospecific

condensation promoted by DBU.
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Scheme 12 Synthetic cycle for stereo-enriched PS-ODNs using
prolinol-derived oxazaphospholidine monomers 60.

phosphorothioates (Rp)- and (Sp)-d[NpsT] (N = A, T, G, C)
were synthesized by using this cycle, it was observed that
diastereoselectivity varied from Rp : Sp = 10:90 to 14 : 86
for (Sp)-d[NpsT] and from Rp:Sp = 93:7 to 91:9 for
(Rp)-d[NpsT].?%°? The partial loss of diastereopurity can be
attributed to the repetitive nucleophilic attacks of 1 H-tetrazole
at the chiral phosphorus atom of 60 leading to its epimerization,
similar to the case of the phosphoramidite monomer
(Scheme 5). The subsequent condensation reactions via both
of the resulting two P-isomers of 60 and/or its tetrazolide active
intermediate give rise to the diastereomixtures of the products.
Although stereoselectivity is not very high, the method can
produce relatively long stereoenriched PS-ODN oligomers on
an automated DNA synthesizer by using the same protocol as
that of the conventional phosphoramidite method. All-(Rp)-
and (Sp)-PS-ODN 18-20mers as well as those containing both
(Rp)- and (Sp)-PS-linkages were synthesized in ca. 98% average
yield per cycle (estimated by the DMTr ™ assay).®?

The stereoselectivity of this method is dependent on the
structure of the monomers, activators, and reaction conditions.
For example, Hayakawa et al. have reported that the stereo-
selectivity of the reactions between 60 and a nucleoside in a
solution phase varied from Rp : Sp = 86 : 14 to >99 : 1 with
p-prolinol-derived monomers and from Rp : Sp = 29: 71 to
1 : 99 with the L-prolinol-derived counterparts depending on the
activator.”® Best results were obtained by using N-phenylimid-
azolium triflate (PhIMT)** or benzimidazolium triflate (BIT).%’
(Stereoselectivity was slightly lower on a solid support (up to
94 : 6).) Agrawal et al. have reported that the ephedrine-derived
monomer 64 (Fig. 7) gave TpsT with little stereoselectivity
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Fig. 7 Nucleoside 3’-0-oxazaphospholidine (64, 65) and 3’-0-oxaza-
phosphorinane (66) monomers for stereoselective synthesis of dinucleoside
phosphorothioates.

(Rp: Sp = 40:60) under conditions similar to those used
for 60.%% The r-prolinol-derived 2’-OMe-ribonucleoside 3'-O-
oxazaphospholidine monomers 65 gave (Sp)-2’-OMe-diribo-
nucleoside phosphorothioates with diastereoselectivity ranging
from Rp : Sp = 2 : 98 to 4 : 96, whereas the p-prolinol-derived
counterpart gave (Rp)-2mers with significantly lower stereo-
selectivity (from Rp : Sp = 76 : 24 to 63 : 37).°! This indicates
that the biased effects of the ribonucleoside chirality on stereo-
selectivity can be an important factor in the synthesis of P-chiral
oligonucleotides with a stereoselective reaction. Just et al.
synthesized a series of thymidine 3’-O-oxazaphosphorinane
derivatives (e.g. 66) with complete stereoselectivity from
2-chloro-oxazaphosphorinanes and used them to synthesize
TpsT under various reaction conditions.”®” They found that
TpsT was obtained with excellent diastereoselectivity at low
temperatures (Rp : Sp = 1:40 at 0 °C; 1:68 at —15 °C,
2-bromo-4,5-dicyanoimidazole, CHCl;), while a significantly
lower diastereoselectivity was observed at rt (Rp: Sp = 1: 6,
2-bromo-4,5-dicyanoimidazole, MeCN).*’

Thus, the diastereomeric resolution of monomers by
chromatography can be circumvented by using monomers
that can be stereoselectively synthesized. Among these, the
monomers that can be activated by weak acids®>°%7 are
particularly attractive because they are fully compatible with
the phosphoramidite method, and the synthesis of oligomers
can be performed with a commercial DNA synthesizer using
this method. However, the loss of diastereopurity of the
monomers during the acid-promoted condensations is proble-
matic. As shown above, it is difficult to develop a stereospecific
azole-promoted condensation reaction applicable to both
ribonucleotide and 2’-deoxyribonucleotide analogs. Although
diastereoselectivity can be improved by lowering the reaction
temperature,”®®’ this approach is not suitable for syntheses on
an automated synthesizer.

Considering this background, our group initiated a project
to develop a method consisting of a stereoselective synthesis
of monomers, which could be used to generate stereoregulated
P-chiral oligonucleotide analogs under stereospecific, acid-
promoted reaction conditions.”*'%* Ideally, the method
should be fully compatible with the phosphoramidite method
and applicable to a solid-phase synthesis on an automated
DNA synthesizer. Such a method would greatly facilitate the
synthesis of stereoregulated P-chiral oligonucleotides and
encourage their use.

It is reasonable to predict that the condensation of
diastereopure nucleoside 3’-0-oxazaphospholidine derivatives
would proceed stereospecifically if they are activated only by
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Scheme 13  Stereocontrolled synthesis of PS-ODNs using less nucleophilic activator 68.

N-protonation of the oxazaphospholidine ring without using a
nucleophilic activator. Although it was shown that weaker
nucleophilic activators were not effective with phosphor-
amidite derivatives,'**'% it was found that less nucleophilic
N-(cyanomethyl)dialkylammonium salts efficiently activated
nucleoside 3’-0O-oxazaphospholidine monomers.”®*° Stereo-
regulated PS-ODNs were synthesized by using one of these
activators, N-(cyanomethyl)pyrrolidinium triflate (CMPT,
68), on a solid support (Scheme 13).%° 2’-Deoxyribonucleoside
3'-0-oxazaphospholidine monomers (67) were generated from
the corresponding 2-chlorooxazaphospholidine derivative and
protected nucleosides having a 3’-OH with dr of 93 : 7-96 : 4
(trans : cis) and the trans isomers were isolated by silica gel
column chromatography in 62%-75% yields. It was expected
that CMPT 68 would activate the P-IN bond of monomers 67
only by N-protonation, and their subsequent condensation
with the 5’-OH of nucleosides or oligonucleotides 70 would
proceed without loss of diastereopurity. However, the HPLC
analysis of the resultant PS-ODNs showed that the average
diastereoselectivity per cycle was ca. 94 : 6-97 : 3, although
the major products were generated with inversion of config-
uration, as expected.

Because it was found that the partial loss of diastereopurity
was due to epimerization of the monomers 67 by the acidity
of 68,” the configurational stability of oxazaphospholidine
monomers was investigated.'?! Four types of nucleoside 3/-O-
oxazaphospholidine monomers, shown in Fig. 8 (60, 67,
72, and 73), were synthesized with dr ranging from 95: 5
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Fig. 8 Epimerization of frans-nucleoside 3’-O-oxazaphospholidine
monomers 67, 60, 72 and 73 in the presence of CMPT 68. R! = 5'-0-
DMTr-thymidin-3'-yl. trans-73 is a mixture of (2S,4R,5R)- and
(2R,4S,5S)-isomers. dr of (2S,4R,5R)-73 and (2R,4S,55)-73 were
80 : 20 and 90 : 10, respectively, after treatment with 68.

to >99 : 1 (trans : cis) and treated with 2 equiv. of CMPT 68
in CH;CN-CD5CN (4 : 1, v/v) at rt. After 4 h, 'P NMR
analysis showed that the trams : cis ratio of monomer 67
changed from 95 : 5 to 58 : 42. In sharp contrast, the other
bicyclic oxazaphospholidine derivatives showed significantly
improved stability to epimerization. In particular, monomer
72 showed only negligible inversion. In addition, the trans
isomer of 72 was exclusively generated from the corresponding
2-chlorooxazaphospholidine and the protected nucleoside.
Therefore, diastereomeric resolution by chromatography was
not necessary.

Monomer 72 was then applied to the synthesis of stereo-
regulated PS-ODNs on a DNA synthesizer.'°! The eight types
of monomers 72 ((Rp)- and (Sp)-isomers for each of the
four nucleobases) were synthesized in 44%—58% yields. The
synthetic cycle (Scheme 14) is very similar to that shown in
Scheme 12 as well as to that of the conventional phosphor-
amidite method except for the reagents. Monomers 72 and CMPT
68 are used for the condensation step. N-Trifluoroacetylimid-
azole (CF;COIm) and N,N'-dimethylthiuram disulfide (DTD)'%
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Scheme 14 Synthetic cycle for stereoregulated PS-ODNs and ORNs
by the oxazaphospholidine method.
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are used for the capping and sulfurization steps. Trifluoro-
acetylation was used for capping instead of acetylation because
the N-acetylated pyrrolidinylmethyl moiety on the PS-linkages
was too stable for complete deprotection by ammonia. The
average coupling yields and diastereoselectivity for the synthesis
of 8-12mers were 95%-99% and > 99%, respectively. Thus,
stereospecific condensation reactions were achieved by the use
of the configurationally stable bicyclic oxazaphospholidine
monomers 72.

Next, the oxazaphospholidine method was applied to the
synthesis of stereoregulated PS-ORNs.'%% The trans isomers of
72 bearing a 2’-O-TBDMS group were stereoselectively
synthesized (trans:cis >99 : 1, 41%-75% isolated yields)
and applied to the same synthetic cycle. However, it was found
that the average coupling yields for the synthesis of 4mers were
significantly lower (67%-94%) than those observed with the
2’-deoxyribonucleoside monomers. The lower reactivity was
attributed to steric hindrance by the 2’-O-TBDMS group.
To our surprise, this problem was overcome by using highly
nucleophilic azole activators. The use of PhIMT or BIT
greatly improved the efficiency of the condensation reactions,
and all-(Rp)- and (Sp)-[Ups]oU were synthesized in 97%—-99%
average coupling yields (DMTr™ assay). The diastereo-
selectivity of the couplings was comparable or nearly compar-
able to that obtained by using CMPT (96 : 4 to >99 : 1).
The mechanism of the reaction promoted by these azoles is not
clear. It may proceed via N-protonation of the oxazaphos-
pholidine ring as in the case of CMPT, or the dynamic kinetic
resolution of the diastereomixture of azolide intermediates
may occur. However, the success could be attributed to the
configurational stability of the bicyclic oxazaphospholidine
monomers 72 because condensation of the monocyclic oxaza-
phospholidine monomer 67 resulted in low diastereoselectivity
when nucleophilic 1H-tetrazole was used as an activator.”®

It has also been demonstrated that the oxazaphospholidine
method can be used to synthesize other P-chiral oligonucleo-
tide analogs. As shown in Scheme 15, the synthesis uses the
bicyclic oxazaphospholidine monomers 78 bearing an addi-
tional methyl group at the S5-position of the oxazaphospho-
lidine ring in place of the monomers 72.'°® The trans isomers
of 78 have been stereoselectively synthesized (dr > 99 : 1) and
isolated in 43%-83% yields. The condensation reactions of 78
promoted by CMPT 68 give diastereopure phosphite inter-
mediates 79. Treatment of 79 with an acidic solution causes
an El reaction, generating the 5'-detritylated H-phosphonate
diester intermediates 80 and a tertiary carbocation stabilized
by the phenyl group. The acidic solution contains Et;SiH as a
carbocation scavenger. Thus, this two-step cycle produces
oligodeoxyribonucleoside H-phosphonates stereospecifically.
To the best of our knowledge, this is the first example of a
stereocontrolled synthesis of H-phosphonate diesters. Because
H-phosphonate diesters can be converted into a variety of
P-modified phosphate analogs,?® this method can greatly
expand the availability of stereoregulated P-chiral oligo-
nucleotides. In fact, dinucleoside boranophosphates, hydroxy-
methylphosphonates, and several types of phosphoramidates
were synthesized with dr ranging from 98 :2 to >99: 1.
Oligodeoxyribonucleoside boranophosphates and phosphor-
amidate 4mers were also synthesized in addition to PS-ODN
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Scheme 15 Synthetic cycle for stereoregulated P-chiral oligonucleo-
tide analogs 81 via oligonucleoside H-phosphonates 80 by the oxaza-
phospholidine method.

10mers, although the conversion of the H-phosphonates into
boranophosphates and phosphoramidates was less efficient
compared to the case of PS-ODNG.'%

Thus, the oxazaphospholidine method that uses configura-
tionally stable bicyclic oxazaphospholidine monomers and
CMPT (or azoles) can produce various P-chiral oligonucleo-
tide analogs in a stereospecific manner. Because this method is
compatible with the phosphoramidite method, it is expected
to be applicable to the stereocontrolled synthesis of chimeric
P-chiral oligonucleotide analogs as well as oligonucleotides
with a fully-modified backbone by varying oxazaphospholidine/
phosphoramidite monomers, CMPT/azole activators, and/or
P-modification/oxidation steps. However, the method still has
some problems: (1) because the oxazaphospholidine monomers
are more sensitive to acids than the corresponding phosphor-
amidites, their isolation yields by chromatography are modest,
although diastereomeric resolution is not necessary. (2) The
efficiency of the condensation reactions needs improvement for
the synthesis of long oligomers. In the case of ORN derivatives,
the combinational use of CMPT and a less-bulky protecting
group for 2’-OH than the conventional TBDMS group can be
studied. (3) The efficiency of conversion of H-phosphonate
diester linkages into P-modified phosphate analogs, such as
boranophosphates, on a solid support must be improved.
(4) Protocols for the synthesis of oligonucleotides with a
chimeric backbone must be studied. A study is currently under-
way to address these problems.
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6. Applications of stereoregulated P-chiral
oligonucleotide analogs

The P-chiral oligonucleotide analogs have been primarily used
for therapeutic applications and for studies of enzymatic
reactions. For the latter purposes, those having a single
P-modification at a specific site have been used in most cases.
Because these oligonucleotides are available by HPLC separa-
tion or by using dimer building blocks, many studies have
employed them to elucidate the interactions of specific pro-Rp
or Sp oxygens with metal ions or amino acid residues
in enzymatic reactions.'®?! However, many internucleotidic
phosphates are involved in the recognition of an oligonucleo-
tide by an enzyme,?"*'%” and thus, many oligonucleotides with
a modified phosphate at specific sites are required to study
such a recognition process in detail. Because it is laborious to
prepare many oligonucleotides by HPLC separation or by
using dimer building blocks, the development of a method that
can readily produce such oligonucleotide analogs in a stereo-
controlled manner is required.

In contrast, oligonucleotides with multiple modifications
or a fully-modified backbone are used for therapeutic
applications because such modifications are necessary to
enhance their stability to nucleases. Many studies on their
physicochemical and biological properties, such as the stability
of duplexes with complementary oligonucleotides, cellular
uptake, stability to nucleases, nonspecific interactions with
proteins, and the ability to suppress gene expression, have
been performed using oligonucleotides prepared by stereo-
controlled chemical syntheses, HPLC separation, the dimer
building block method, or enzymatic synthesis, and these
studies have shown that their properties were affected by the
configuration of the phosphorus atoms. For example, in the
case of PS-ODN, (Rp)-PS-linkages are favored for duplex
formation with complementary ORN strands,”” while
(Sp)-PS-linkages are chosen to enhance the stability to nucleases.”®
Therefore, PS-ODNs in which both (Rp)- and (Sp)-PS-
linkages are properly arranged would be better drug candi-
dates than those synthesized in a nonstereocontrolled manner.
However, more research is required prior to any clinical trials.
For this purpose, it is necessary to expand the availability of
stereoregulated P-chiral oligonucleotide analogs—particularly,
the most widely used PS-ODNs—by developing more efficient
methods for their stereocontrolled synthesis. Moreover,
new methods may lead to the identification of novel types
of P-modifications suitable for therapeutic applications.
Currently, only a few types of P-chiral oligonucleotide analogs,
such as PS-ODNs, are used for therapeutic studies, partly
because the introduction of a large substituent into an inter-
nucleotidic phosphate of an oligonucleotide in a nonstereo-
controlled manner significantly destabilizes its duplex with a
complementary oligonucleotide.'®' Because the destabiliza-
tion is reduced when the substituent is oriented outward from
the duplex, the variety of P-chiral oligonucleotide analogs
potentially suitable for therapeutic applications may increase.

Stereoregulated P-chiral oligonucleotides have rarely been
used beyond the two objectives highlighted above. But the
limited studies carried out to date have demonstrated their
potential. For example, oligonucleotides having a stereodefined

PS-linkage can be used to synthesize their conjugates with other
functional molecules, such as reporter molecules, through
S-alkylation.!%!1%11! Stereodefined phosphoramidate linkages
(PN-linkages) have also been used to make such conjugates.!'*!13
Duplex formation of these conjugates with complementary oligo-
nucleotides is not severely hampered by using cross links through
stereodefined (Sp)-PS- or (Rp)-PN-linkages because the substi-
tuents are oriented outward,''® although it has also been reported
that the introduction of an intercalator through an (Rp)-PS-
linkage stabilized the duplex.!!""'* A stereocontrolled synthesis is
also advantageous because a more precise orientation of these
functional molecules around duplexes is possible. Analyses of
these diastereopure conjugates are also easier than their stereo-
chemically-randomized counterparts. Moreover, it has been
reported that duplex structures can be globally transformed by
changing the absolute configuration of the phosphorus atoms.
For instance, Endo and Majima have reported that double-
stranded ODNSs consisting of two self-complement ODN strands,
which are cross linked to each other through stereodefined
PN-linkages, form either double helices or hairpins depending
on the absolute configuration of the PN-linkages.!'* They have
also reported stereodependent behaviors of various DNA nano-
structures consisting of oligonucleotides cross linked to each
other through stereodefined PN-linkages.''>'"7 In addition, signi-
ficant stabilization of an ORN hairpin structure has been
reported by introducing an (Rp)-PS-linkage at a specific site in
its loop region.''® Such stabilization of oligonucleotide secondary
structures has also been achieved with some conformationally
restricted nucleotide analogs''®'? in which one of the non-
bridging oxygen atoms of a phosphodiester is covalently linked
to the ribose (e.g., 82,'*! 83'% in Fig. 9). It has also been reported
that left-handed Z-form duplexes can be stabilized by using
ODNs with a specific arrangement of (Rp)- and (Sp)-PS-
linkages.®? Such stereodependent behaviors of P-chiral oligo-
nucleotides and stabilization of specific oligonucleotide
structures by using stereodefined P-modifications may be
useful for DNA nanotechnology.®® However, in many cases,
the oligonucleotide analogs for such studies have been
prepared by HPLC separation or the dimer building block
method because the methods for stereocontrolled synthesis of
P-chiral oligonucleotides, such as the oxathiaphospholane and
oxazaphospholidine methods, are still too complicated for a
typical end-user. The development of a more user-friendly
method to synthesize stereoregulated P-chiral oligonucleotides
or commercialization of the monomers or the oligonucleotides
themselves should encourage their use and promote studies of
DNA nanotechnology as well as those for the biological and
therapeutic applications described above.
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Fig. 9 Conformationally restricted P-chiral nucleotide analogs.
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7. Conclusion

In conclusion, stereoregulated P-chiral oligonucleotide
analogs have been used for biological and therapeutic studies.
In addition, they are potentially useful for the synthesis
of oligonucleotide conjugates and also for DNA nano-
technology. In order to promote studies on these applications,
the development of a user-friendly method to produce these
oligonucleotide analogs is required such that nonspecialists
can perform the synthesis, preferably on an automated
synthesizer. We expect that this goal is achievable either by
further studies on the aforementioned methods or by the
development of a novel, more efficient approach, such as a
catalytic asymmetric synthesis of P-chiral phosphate analogs.
New developments from other areas of chemistry, such as
those from ongoing research on organophosphorus com-
pounds or catalytic asymmetric synthesis, may be important
to achieve this challenging goal.
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HE BIE—IELTHFShORBERS "%

8. Wiz & Lk
W siRNA 5727 /a>—

RNA Fi#% (RNAD IZEBLRHENLEETFRIEINHSETH Y, BERTOIRELE
FENTWD, LOLZOBICRELR, £ERICHITI2ENRBAOMRNSDOESL
siRNA (small interfering RNA) D F U /N —FEDEILL TGN, E4 13 siRNA D&
FERICBITENEMRX A TLEFETELEH, NUFy—EULTEZIVE (VE) 2H
(\Veo sSiRNADTZ FE A 5 Kinlo VE aHEES S (VE-siRNA), v XICER
BELEEZS, HFERICBDAEMEERTOREEBZERICETIEE, 5IC20
VE-siRNA CBEERBCREEH RS2 EAELELRE I LIV EER LU TEBRARESLE
EZH, FRICBUDBEMNEGFORRAFICHEIILE. CHISHRUOFRICH TS
siRNA OfELEBREHEORETHY, SEBEZOERLICATTHRELETIVEL,

1. 3L ®IC

siRNA (small interfering RNA) % 7o s
THF, ZOWMKRSHEPEREES R TEY, e
BFOMRBE TR Emct LT, 0%
RPEWIFF S T 5, L L siRNA DK D
BRI invivo T Y INY —IETH Y, siRNA ZLd»
S i
PR L o T3, BHEHAMC THIRIBEE T
MBI E T O BRI 2 O o8 E iRk
B, BEITRTEREHCL 28885 THY,
BE BB L BB T Eh S, BHEROR
B IHIEY D %, FRCAEGHER 2RO E L
BRGS0 B LT 2RBAORBEEER LIS
FiC, HOARSREL NIREER A DR IT 0%
ThHd, KFTEE L2 OWFEEREE L, B
SiRNAT 7 /ay—%2Hu7- % EmE L
WO IOV TiERzu,

2. FBERUREBZNLE
BTN —

KRFERIRD BN, RABRTE—LL

TRERURTHY, HEHD, ZOMMTHE
BATEROLOEE L, KX IV EERCH
LEETEWATHY, WTHELIVE (VE)
RSB 5 EBINTEN P >T 0B L E
REMD R BB ST Z—ITHELL b O L #

1 8272 siRNA (Chol-siRNA) #3504 9 i 2 %
TERNIE—LLTHUTHS EHEEINTE
D' 2L VE 2 siRNA KHERG s ¥5 2
T, HFIERENE UK To VE OFBET
IR EEE % Bl 72 SIRNA O F YRy — %A,
VEDZu<  Eefinkigiks7 I 24 ML
L,27/29 s b #EM 2L 72 sSIRNAD T~

* BUH BRI R R E R B R R S T 7RI fR i R (PRI Bl

ChIlle - ) PREIR (K2 oY)
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Fb VAP EECT I XA b2 LT HE
LT, VE-siRNA Z{EM L 7z, 2D siRNA &
Mg o> RNA 5y fifi# (RNase) (0 UTitPED B
0, T AMBNT 24 BEIDL ESRE VT
ERMEE LTz, Z DBEMNTO VE-siRNA DO
DIAABEIURZFDNHBZRAL180, HCE R
& VE-siRNA %= 22 H#E L, FF0E % $EHE 0
BEETEELLEIS, BRTIXTOMNMEIKC
Cy3 DIV iABZRDN, T HMBERNNOIY
B BT B8, VE-siRNA #FHELHBO
HENED> 5 %30 RNA O A% i U T, VE-siRNA @
TrFLAMERBTE T —TT /T
Oy b R{To7:IA, BELILEITHS 29
¥ L, Diceric k> THIBENTY Y a3 hicE
BTH5 21 D, H2KDT7 F 2 A%
NRELTHIE L, Ih6D RS, VE-
SIRNA BSHECHIE I 7Y N —& T3
ZEBRMRR L. RICHEMBNICE T S VE-siRNA
DR ZFNB D, v U ZRERD 5 VE-siRNA
BERE L, I 380 B 1

4z D mRNA (mes-
senger RNA) OFEBR % & BINPIEERY X 5—
BHgHE S (RT-PCR) %MW TiiNRz, £ 08
BOBRSETFRERNCRERZABILTCHSEZ
&, REHEV2HBETHE L, BBRO®RS
BRI B R RS L Z & T
B L7. &5 IFN (interferon) JG% & o HIfE
DL TWEWI EAMERLLY,

3. VE-siRNA/CM DRE%

VE #EHRNTY REREHFLTTY N —
ERBERBEILHSENTEY, VE-SIRNA OF
Yoy — S VE BB & Ak Y RER2&EHL
TW A REMEDE O, 2 Chol-siRNA ##HE L
IS HEVREANEEDOT I N =Ll W
WEERTVRY, L e, TR
DOEGEERNO Y REAHDEI L ALHELEY K
HWH(HDL) TH O, RN T Y Y —8h
BTV, BHITHFRINCERT S ) RE

Walfi% /Ngih ST ET s 4 fairny
(CM) Ths, L»L, CMEBZEICL>T

8. FREZENELLEFHBHASRNAFZ /O — K
SWERZLDTHY, AHIO~ T AMFTIXIE
EAERLBRZD,

Z ZTHRZIECM 2R LT, VE-siRNA % CM
AR T D A 872 (Fex vivo incubation”)
Pl 2 — (VE-siRNA/CM) #B%EL, vV A
AR RS T2 HE2EE L. CM Ol A
WHhE LT, Ml IV 2RITERSELYY
ZDBEY 7 EIHERHLT,CMBELZE
N3 s EREL, £h% VE-SIRNA &Y
% 2 kT VE-SiRNA/CM #{ER L /2. VE-siRNA
DOHFHIEANDH D ABD X A = AL TE
I2RT . T VE-siRNA/CM %~ AERENICH#E
45T, HRICBT 2B EEFORR%

AT R—& UTHGI 2 & TR B 7
Yoy —s8hizZeia, BE5MHEEHE»LE
HMLLEL TR 2—TH5IDRITEHBIEOE
DN EEZH LTSS, RO BB AU K
JCR OB D M BAULETH > 72,

MBS B0, Fexid VE OHEEN
TOWBERRICHEE Ui, A% VE QROBIS
NEYETH Y, NN LR TR S A, b
FZAMHE R /NI T CM SE R E N B BRIC Z O
RSy D—Do& LTHlAAENE FRE N/ CM
(4 0 5 M B N % R 8% (trans-cellular path-
way) 20, U s & BT L TEIRA D 5 FRIk
RICAB, TTAROWPLEENITH % /MR
RN A A %3] - T, /NEH I VE-siRNA
FWUEHERI & & IS LIChs, IHllA~O%
FRbTFrLrEDLAL»Ic, VE-SIRNA &
STHRD 19,000 EAREL S E I EnD,
IR BRI D A B ofc 8B D
Nz,

F TSRO /D ERE L b K M PR~ 0 Sl LA i
R TR <, AR LT tight junction %
B 7 BRI R ER X R B (para-cellular pathway)
& B BEBLHE AR EER L 2, BEROE ST
DIEINAES 2 BB (KB #847T VE-siRNA %
5 OSERNABITIE, ZOBEMD ST
ANDY S OA B G AU TR T VE-siRNA

siRNA : small interfering RNA, VE: ¥X I E, CM:

A4 isar
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GALCTTAAULGACUUUGGCGAUCCG
VE-siRNA (27/29mer)

B1
D VESIRNA »iCM L H6

VE-siRNA/CM DFFERNDEARF

@ CM B ApoE 2 LTV AF Y P BERLHEE
O NN BITL, =2 F Y=LK

@ T B — LI
& M T Dicer (2 &

CM:AquIsor, TG:

O
K m}

- ah, 21/21mer @ siRNA JBIK
ApoB : 7R Y REH B, ApoE:

TRIKEHE, Ch:avasFo—i

HfElER, VE: X IVE

VE-siRNA : E4 X E & SlRNA, siRNA : small interfering RNA

Bab 50 3 i CM /N Y VBN THESD
T, CM iZ VE-siRNA Z BN THIDAZE 5
75 ‘{Z‘: (“in vivo mcubatlon ) T VE—SlRNA/CM
WE O
W&?&ﬁ&% @ mwaM B RE
AYs¢—+¥ (LPL) TAA oI v Lt h
(CMR) (oGBS AITHIBICHI D A S B 7,
CMBEMVEETHIWBUTEDLTHLT, Lird

(EE# 5

fic % O SIRNAFEEAPKELH 2 DN
LT, Yok NE CMBRBECHEET S0
VE-siRNA @ CM ~O AR 2 hTE
EDWIRT R 2, BENCHEHBISM OBEN G:Bmfifj
B REEEAD SRBEA I E & H IS
FiE% VE-sIRNA 2#%5 9 5% &, VE-siRNA OFF#l
HANOEACHEII LIz, TOF YT — RGN
KR THB L BHER LI, /2 VE-siRNA #3

CMR: A4 o3ZzuvihFrh
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8. FREENELEFHRSIRNATF O /O ~B—

D& BRI L 72 CMICHHBHCEL D A % hie
Z e TR I e, F 7
VE ZFiE& 88T 0 siRNA T, V28R
CM ~OBITRI M T D siRNA FEEAER
5T, sSIRNADVE LS HBEBHN»S
CMAAOBTICLETHS PRI N, &
5o, VE-siRNA ORFBTIER, MEC X DR
L, INZHEEDERICE>THEBINIIEn
B, UISENIE CM MMEIET 5 Z L b Bt
ThHdIEeIRENI, EHICCMH»H CMR %
BT 28ETHS LPL 2HET 5 &, FFHRC
SIRNADREEALEED G koM, ThE6D
WRIL, VE-siRNA OBED 5 OB ALE
ANTOCM EDfEEE, CM» 5 CMR DR
WE R RN LR P LTV 5 2 & 2
IKARLTH 5,

ZOFERFVT, IR TOEREREFRE
SR AR L, 10mgkeg % | H 35T 5
Z&T, BEHREET OB E R 4A0%HHT &,
Fcinp ok REAGE L E Y RE R (LDD 2
VAT a—UH B8 40% D ¥, BEMHK
DT, FECBT2 off—target effect :b“?ZfL »
Z &, IFN JGERITREE - B
fERNE DO THRMLIC w&bh&u_&%m
72o CMIC & B 7 U Y —i2 & 9 VE-siRNA fﬁ}}i‘
KRS T Y NY — S hicie s, RIERBRT
XicbDEHELTNS,

4. B8HYIC

PAEd 5, VE-siRNA & B #EH DR E51C
L O HRVIOBBEORBERGERZMBE L,
BERSTHED, EROFEHICLZHEEH
BUTHEEMcEREDLEOT &, AR
ZRHALIAREDOCM 27 2—E LTHW
7zb, MR RE LT Y NY —oRkIi Lz, &
FeBSEEEEONRELV IR Z—THB T
ESEIERBRD SN o7z, SEOEBR
BREEOBEGEBE DL, BEAIZ-3KB
BHMEDDS (R vy FFUNY =2 AT L) i &
DEAZE > THROENOREHHFTESL, &
%fﬁ%wﬁwm%ﬁ@b%# $%&f%k%

0 #H T ?‘“‘"T Hb

X W

1)} Soutschek ], et al : Therapeutic silencing of an
endogenous gene by systemic administration
of modified siRNAs. Nature 432 (7014) :173-
178, 2004.

2) Nishina K, et al : Efficient in vive delivery of
siRNA to the liver by conjugation of a-toco-
pherol. Mol Ther 16 (4) : 734-740, 2008.

3) Wolfrum C, et al : Mechanisms and optimiza-
tion of in vivo delivery of lipophilic siRNAs. Nat
Biotechnol 25 (10} : 1149-1157, 2007.
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OSmall interfering RNA(siRNA) DE{EFRBHHIDR IIFRICH ;
z @E%ﬁix’f‘ fﬁﬁfx?gﬁi % SiRNA ’t’*""‘fﬁ’?“ 3 %‘ﬁw@n%‘aﬁ & U ABBHRRSETLTL
3. W%&?ﬁ% L.i}‘ LT, BHREHR TR T EEREEERLIC YA VINT & —, 91 LAN? "{i =
% @%%ﬁ‘&%"}“”é‘%&&%%z?oa‘é Zv L URBL:
tEEEED f-??%ﬁﬁ’@%%ﬁﬂﬁ%i%i@ﬁé LV RRELERT 3.

EEVE in vivo ?@ﬁ%ﬁ%ﬁf)‘%‘iﬁ B5hTHY,

'WH% iﬁ ’&@ﬁﬁ% um‘é

Ke
two“d :

DAWARTG T —, JETA VARG & —

RO LVEREE 55 &ﬁ%% %ﬁéna,___;.,'

KPR e A U BN I A i

B, BERER, Y1 MEBC S

Zhb @&%%%E& L, SIHNA b‘ﬁ

RNA%%(RNAI) small znterfermg RNA(siRNA), short-hairpin RNA(sShRNA),

- RNA—T—%&(RNAD £l

FEw TR RNA I8 L - TEHE I N LM F
f}wﬂfﬂf & % RNA T (RNA interference : RNAi)

HSE, Fh o BHl, WIELEMICES £ TIEL

f%ﬂaw%u&#ﬁm*ﬂ,m“%WmW
i A VAR E LT T, MM
HEPIC A X 7z K8 RNA 1, Dicer & ki
% RNasell 2 R 7 7 3 ) -l k- T
21~24mer DF V> FELE O A O small
interference RNA (siRNA) (Z 77 415, siRNA @
£ v AGIE Ago2 12 & D 2 DREFTY x4,
T UFR Y ABEDBBAN) =R ED LD
DEHE»S LD RNA BEHEESIKETH 3
RISC #i & & (RNA-induced silencing complex) 2
WhiagnzY, 2LT, RISCHAKRN? VFL
v AGHICHRRIY 2R BEF 2 S DB mRNA 27 7
AL, Z2OHRTHRTEY. L L, WIEY
BT S AH RNA DB AL, PKR - 2’5 oligo-
synthetase D iEMEILIC X 2 JERFEAY 2 BIERENGH 0
RNA O fREBI &I T8, ZOFHOKER

HiF o> T,
LA L 2000 iz, RNAi ﬁ%}!%@dﬂf%ﬁ?%“@%?
SiRNA Z&HLTHwaAaZ LIck->T e Dl
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IR RN BT
féﬁ:‘fmfﬁﬂih DIﬁE &l ?”'*3’ i‘ 5 L., siRNA fit 3
/‘\') Fa \/’772@ 5l % pollﬂ:ﬁ*(f)/’m%—-
& —"FIZffA L7z, sIRNA #BI DNA 79 A3 F

LRFEE N,

o BEERENOGAOEARE
77 LIRIRT D% B R R CHBE M R »:;éaﬁ?
T 286, MEFERICERT 2 3R
OERDH 2 BIBFOMEBFEYTH 51 szt:
FhoTOLIBENHELELBET T84
(loss of function) &, @QZEME TREREHI’H

& 72 TR INBERE % 1515 5 2 854 (gain of fanction),
D2 “D“bm“‘f') T EMBHIENT WA, ERFEEY

WHEKICH 286, WNILTE 2207 VO
ﬁéwﬁfz\‘"ﬁ"%‘-"&%ﬁ‘ HoTHRL OTHIET 2R
REMBRER R OB D% L 1L loss of function %
ZOBIFEL, —HDT IUNDRTHRIET 5 H%
i (A (B {L\WJS\(O)%:”%’C]) D frik gam of
function TH % Z & 03% . RO EEERED
B, @3“’5%‘“7”10)" Yo SR E L ’Cﬂ’?ﬁ?‘f@
BOESORDOIEFELEAEBL TH207T, K
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KOEHOERED S OFER P E -7k
$, BR7Y VP OSEE L EREABMHES O
1EH & 1387 5 H8E (gain of adverse function) 3
4 (gain of toxic function) % & & 72 KB T3 Z &
&Y, BENHEETAZIEMNEEINT S,

FhERE T 1L, Wsuperoxide dismutase 1(SOD1)
R X B MR GAE (ALS), &ERY
FNY UM, @7 a4 FEiEA (APP)®
PS1 B FERIZ X 5 Alzheimer #, @ a-synu-
clein 22512 X % Parkinson ¥, 7 & DR Y EAE
MEEERE R T EELBEEDS X, gain of
toxic function 3% OFIERF L E L oNTw5,
D& WRBOBREEZ 556, KRULLE
HORBEMNET 2 FE03H UL, 2 OBF O
s ied & THIE « T2 BT 5 2 L SRS
TELDITTHS.

FEVT, 3% 513 SOD1 12 #9 % siRNA % @7
BXYE P IR 2oy I ARERL, =
Wk A EE AR 22 8/ HE (amyotrophic lateral scle-
rosis t ALS)DEF N A TH D GI3A B
SOD1 PSRV 2w IR EDITEDY,
£HOE R SOD1 EHDOFB%E 80% LL_EHIHI 3
BILICHILAY, ZomSic kb, 270 Hio
BT ALS RO FAERIH S T 5, B4E
BSODL W/ v 777 b LT 4 HNERMEER%E
RELOOTEIWER X2 AR s, &
¥ SCA6 Dy, ZORKEEFANVS VL1
AFYRND /) v 077 =7 AER 1~2 8
THRETEIEBHSNTED, ER7ULDORE
BIENE S & 7 IR % & T ABEEASE G, L
o T, BEREEEOREICE, EE7TYL
DFRBEEBHLTICERT Y AVORBEOAZ I
HIEDHEE L,

BlD &Sz, BEN1IEEOEGTH B HE
Bodh, EE7INVEER7VILORANDZER2F
WLTCER7YLDOBEYIMTE % siRNA DFF
MR TH 2P, Lal, & A S0DL®
PS1 D RiZ8 442 100 FEELL EsHioTsh, #
DT NTIRE BRIV TN 2 siRNA 257 A
TEHLIFTHAY, FESIXwhR 5

Bzt L COBRENTERLH L RNAl k2 E
EL, invivo TOFERERERL 7919,

@ A IVARG F—EBE

RNALBETFAE

& TP B ORI I IR E R o B
L7 SMHIEIERIRD S, FRICETA VAN
78 —BHMTH S, EDUMIETDH 2 iR
KA LBIEFEATRBRZIA VAR Y- LT
BELCHCoNTHDWRE, 77/ 74 ILAN
7 —, PFIHETIANR(AAV) R & —, L v
FIANARI Z—BHIT oD, AAVRY ¥ —
FIERE M TR ) W AHRET 0%
FEE ) LANOBAZIZEAERI WD, 7

CFIIANARI I — LT B L, RELE

h REIMOME-FREDSTRTH 5. B, ki
TR OBETHEADEIKICH? L - & bHiff N
TWwB NP —C, FKE Parkinson % 0 1§
IKBRDIThILT WA, Fi, AAV R7 ¥ — D
BOMBHBH>EOELHREIN, LICIRR
7 ANDFERIRE S I - B 2 @ 1 5
7%, K- FHICREFEADTR T LT
L H W, MBI T 2B E TR
N7 =L LTHFEEINT S,

1. HEERBAOKH

PR OB D 2o RIS B B R R
T, EXWARY NG I VR EELRS -7y b
ERo T3, 2004 4RI Xia B, RY Ly s
YIRD UV EDTH B SCAL DE TN 7 AP
t b ataxin-1 I2%f9 3 short-hairpin RNA (ShRNA)
FBLAAVY BIR D ¥ —OEERE 21TV, W
RO L, D oWz /AN O o7 O
RN T2 T ERRL, MREEBICHT 2
shRNA BT A VARY & — D% in vivo
BOTRYNCEE L 72129,

Alzheimer ¥ T &, FKIEME Alzheimer 35 0 B
BFOVEDTHIERT I 04 FRTHEN
(APP)ic ki LR 7 L LEF R shRNA % 7
AL, ZDOZLE APP T shRNA #IH AAVS
Ry F =i, A7 x—F VR E APP % @5
BRIV ARY 22w I T ADHHEANEEHR
L U CTHNOTENE AB R Z A X &, A
fad iR S L OB R IR,

ALS i LCid, B ICEK G ALS @ 10~20%
% & % superoxide disumutase(SOD1)#EE-F%
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Bizntd 2770 —F0HA60TED, SOD1
RS 5 shRNA BHEHL U F 74 0L R « AAV R2
¥ —% ALS DEF LT ATH % GISA SOD1
FIUARY 2y I ADERIIICHEAS B W
IETEEE, FHNICHEAL, #FORERE % BIEX
7 L OWEN R SN BRI & —
I LA, BT ERRERENR I X - CHEE)
Za—TvIiZshRNA ZEATH I EWNTES,

12 & A @ Alzheimer ¥, Parkinson %> ALS
BERBEED o IFEECEFREZHL T

UL, ZTOFRBEIHIT 5 2 & CRBESERED
b Lie e, Alzheimer W Tl AB D3 Z DFEAE IS
DNEEHEZRZTEEZSNTEY, 7IaAF
vy X7 L ¥ —+¥x RNAI OEERBIE T oBe L 2
A%, ZDEMHT, yE7L¥—XIE Notch %
EMOEE L TOHEL L T0wED, 20K
BEXHNHI¢ 2 LEA L 20, B Ly —¥
DAEEEHNS BACE1 D/ v 777 2T A

HB. INETIT BACEL I2XT % shRNA L
VFITANARY Y —F A 2 — T VLR
APP BEIRBLF S A 22y 7= ZADHRE
NEBRS L TEAROE R M 3¢, [TEIE
HHLWEBI NS L OBWELD B,

2. £ERICHITHESR

A NANY F— % HGAEENIC RNAL 2 558
X A2 siRNA 81 DNA X7 ¥ — O EEHLA
BErabh, M, pl-I%7ue—¥—THk
REE T VIR APEHBNL— T ENLTOEDND
ShRNA 23fv 54157,

shRNA ST 4 N AR & —D in vivo ~DE
HiZHh, BLIZ3>ORLZEFORERD
FHEINTOS, § 11, shRNA OF XY —iz
FAGB ™ £ VAR 5 — RO S E O RIE T
HbH, 321, siRNA/ShRNA & & h EEET
PAOBEBETOFRBELIHEIL TL £ off-target
SHELOME, #3113, FB X7 shRNA HE
X ZEIWER T, i@ % 2 shRNA i X 2 #lije
HEORED D 5.

@ off-targetZhFE------siRNA 17 L 2 I BEHY
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BEFICHT 2EINBFEREZE O, Hus
SiRNA 75 21 HHE & 5 72 D IO IR D &
LHOMEFORMEE RSN TL 5 Wl
BB, TOBIRIZ off-target FE & LIThTE
b, siRNA ZEERICH T 2R E LM E 3,
SHH, 19 AR 15 SR T, BT 11 A
OHEED H 2 HHETFICB O TEERD -7 L #
HBENS, Fh, NAFTA VT AT 4T A
12 & D, off-target B % Z V) MR 3o
JERIER B (UTR) IR 2 % < RO 2 P H
BT EDNHSHEEHRY, HUFERETD
FEO UTR AL, 2oXBEE2MH T2
miRNA OIEFBERFICHIL TR D, siRNA D7V
FerAHD 5hs 2 HEE~TQR)BERD 6
(7)#i 3 (miRNA @ > — PN 28 3l
UTR ICHBEMEZ b0l {E-Flc g L RIZT 2 ¢t
2k 3,

(2 shRNAZEM---- shRNA 3l AAV R7 4 —
IR = 2 2B RE T 2 EBRRIE

VT, BRI RS AR &t v ) W
2006 fE 10 7p I Z OFREE I TR
137 <, AL 7= shRNA OFEBE & oz D
Hoon, BEZ2ZTAFTCIEEED miRNA ©
FEDMET LT, ZoMBEEDRF L LT,
WP B 12 B v Tk miRNA @ §if B & (pre-
miRNA) & shRNA (% exportin-5 & \» 9 HE
B2 U T SHIEEABITT 57120, BHik
T FEB L 72 shRNA 2% exportin=5 2 £ % pre-
miRNA OHE~NOBTE2HEWICHE T 25
B, miRNA ~O 7’1 2 2D EE XN, FEkicl
HLEIEIRBINT S, H7H0E, shRNA
FEH AAV N7 ¥ — % 2y ZAMFEENIERTEA
L& TOMBELE L 5 2 LG an,
shRNA I AAV R7 % — D= 7 AMEENAD
R G AR O MBMakE L 2 s a7
7 DIEMWAL L E ORISR S 6 0,

BN L0, NI y¥—E&ERETIFAILT
MR 2% AR A B S R Rl 2 EhiT
EBHEHH Y. £, H AT shRNA FBRH
DEE> Poll %7 2E—%—% miRNA ¥ 1 70
ShRNA FEBIR 7 ¥ —% v, fflEo#EnL
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shRNA # 7% A ¥ L THZIZ RNAI 18 %
T 5% Z £C, shRNA B % [HlEE T 2 2 WREtE DS
1&2}; = ﬁtzozn_

@ EIAVARS S —ERE
RNAI B FAE
FEIANARY Z—FH T FTYNY — ik
2, DANARZ F— L L TN T YA
) —{HEEEROFBEDR R R TRE L WA DD,
ZOHGEPREREYS 5 Z 0%\, Lieds-
T, TANARY & —LAEDREHL DI
REHEOREEZET LI ELH Y, BFEORE
TORELH B, L ICHBEREENE LT
Yoy — Oy, - 2 £ o X S isia s
HBp, EVIEBRRKOEEL - THS, M
BAEE L OMBEMHEL DL 7T e —F LT
BRI AN DIET A N AR & —% vl
FUNRY —HPFEIIDGTEERLT 5.
1. BEEBETSHE
HBERD in vivo IB T B sIRNA OF HME* D
O % HIYT, BEERPNIC siRNA 2iEAT 28&E
BRENTWS, BIEOWME T siIRNA K2V AT
OD— LRI bDERETRP LR, &
FEAZy 2 YR —LIZ IR 2 v RES
FREbDERZY—LLTHwR® T, &
Y IF Y Fad A MBI B ENEE R H
HEE ERSIETC0S, BREINS DFHEIZE
FMEIC R 288, FEBEIZSIRNA 27U NY —7 5
T ENE, EEET OFBHNNIZIRYS in
vivo THHOONBZ ERRLTEY, HETH
%, MRS L TE, Lo iR I
B/ L 72 siRNA 2592 Z LT, BIEEFT
& % a-synuclein DFBZ MHT 2 & v ) F%EL
BERE SN T w52,
ML - IBIFT5F S ATV S i A ) o
Frruyg 4 b AR Y, Mg NS
B¥ETT 72 ADLNAS TH 5 & v ) s
WH B, £, BB N E MBI S SR GEE 72
PO gt pe B, RMInERE L Lo
REBICBITAREBIEROB L LT, BEELESY
FEELTHWBRIEBHMONTVS, INENK
il siRNA 7Y N U —3A[RgIc g, T

S (NP

S OBEROBEEL L L OUBHBFE N, BKE
HHTHB, O EEFTICHEINLZDE, EFo
FAFI7AEELIENS, KEOBELE LI
B CHIBEPIC siRNA 2 A X4 5 ko
HTH OB WWRICEB Y 3 ERERL R, S
%, BREETANARY Y —2HORHRT U A
V—HEORAEPEENS,

2. HERICR/ET 3HZE

EEHRS L CIiR- M2 E8 T2 XD b, K
BNIRES L COi-FHRBEM 28T 5139 25,
M HSEHSEZCE T B B - H EYIBE & B IRRET
MRTE2REEEERATHEDD S, 22
T siRNA DIERNZGIC OV T HIFEIED S
NTn 5,

{L2EAE A L 7- AT sIRNA % EEMERNIC 1~2
SEEEEEEAT A LI > THEOHEB T
Wi 2 KRG I B W T OBEEE T O HB
ZS0%EEMH Lz L woEnsd h®, HHE
SIRNA 2 A F 4=y 7 )RV —LicHE

ey

MR, BR T &l » THRNCE AR
WL wIREDLH B2, 7554, HDL %
N7y —E U CTHENES THIICMRE
SIRNA ZEA L7z & ) i ase E sy,

3. MEPATFF2FALTLERETEHE
BEDLIS, EVANARI I —% FHni
SIRNA OF Y N Y —Fiknih ¢, RS I X
b M- B % 8 2 TR MR RICEET 5
BIZHETZ L T, FROFHELRESNH
DTV D,
FE/BHOREATFFIZIDDOTAIF U2
WHETHRVG-9R), T L SOD1 it/ ¥ 3
siRNA & CHEHEEEFHI S, Zofahzi
Rigs$ 2 2 &C, ME-HKEAMEZBELTHAD
SOD1 ¥ % 50%BEIIHIL 723, TR A
VA, BRI N PMRERIIEIC B L Tw b=
aFyFPReFLY VERED T T2y b
ICHEE L TBBBNEREF 2 v A A =2 R
Ko TRIMIOEIZh, fiEliiaic 7Y Ny —L 7

I o exosome ZRERIL T I NIKIERBIV A
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LABASTF F ke E, BIRES TR
BHIEF Y S) =Lk v BELASA, 20
SO E N5,

@ BHDIC

siRNA OF I3 E <, MREB~0IEH%ZH
e LmasEEIcBEIN TS, 74 LR
Ry =R EETIEERRIC in vivo TOF
%R L =& b %0, BEHCEIER 2 &9
O DREELH TSN TWE, FEvA N
AT & —% ok HROBIEE-FREBRIHE
I 50%REICE EELTED, TANARY F —
&S L 2 BRIC 2 OFIEIR R E ( H 2 D0 BUIR
THD, SHINCOFEPTRS N, FFER
siRNA 2SEEATEE BIC BT BB OH L ViR
el n 2 EIREICHIfEEI NG,
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3. £ (HTEDD)

2) #HZEEED RNAi ;2EDRE

R E BB BREE B A e R I e A PRSRRELT

TS C S > R

Mo R R

key words RNA interference (RNAi), small interfering RNA (siRNA),
short-hairpin RNA (shRNA), viral vector, non-viral vector

E B
small interfering RNA (siRNA) O {E-FFE81

BEHUZ B\ T F O SGEE T

SIRNA T T 2 RO MR FHREZ B L
FERBIIE ST L T B, fiERBIC R L Tig,
BT W NI 2 N e 3 R A P e A
AN H— FEIALNARY T —% Hwiin
vivo COREGEBRPHALNTED, ZOH
WERTWEDMZOOH S, Lo L s FE
12, BIER 2 6o 7 MU R R BUTRZI R ok &
Lo BB AT S, 4%, InooiEE
FR L, SiRNAZSE WK, #Ea i ahids i
BT ARBEEOR LW E 25 T &R
WEINn 5,

g M

RNA interference (RNAI) {32 &8{RNA dou-
ble-stranded RNA (dsRNA) 1 & - T4 Ly
I2mRNADS RS N, Z ORHGEE T OB
W N BRTH 5. ZOEEE-FOFEB]
HEhRIE N E CORBERBRTH LT v FL VA
DYRPFALLEDbEGEEN, 351220
B A > 2L S BRI B B0
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R o K E Qi &, BTl v
BEERGBR OBEER STV 5,

RNAI % KNI A TSRS T 2 i3 fkegh
1% siRNA (small interfering RNA) %> siRNA &8
Ry y—y—nLEeLTCHAL, Sinsk
BRI F YNy — X BNk E LT, siRNAD
BAEAF Ay JURY - LT TR2T—
vl E oD, sSIRNAFBINZ & — D6
W77 HET ANV ART T IANA, LY
FOALNABEDTANARNT Z—BH 5,

SIRNAZ H L 7 R FIRBO N R & 2 5 ER
RYRBE LT, ISR E DT (ORI RRRE
#¥Ef4 % (gain of function) #EHGEEMERE R
HY, INSICH USIRNATERED DI IR E
T 5 2 LT ENE, ZORBMEEFOVLA
B & PR, TR LT B Z Lo TE
V. pgEc, RYSAS IV, T ia
A FHIEKE T (APP) % presenilin 1 (PS1) #{E-F
TEIZ L 27 YA 2 —E, superoxide disu-
mutase (SOD1) W{ET-ZHIC X 3 iz MR
FE{LEE (ALS) % EsiRNA W & 232 h
AR IR % O,

MER OB B L Tk, BB 2 v
K LOBBXE 3, L) EIRKOBETD




%, B CRESEE X DARERATIAN
J—XE30REEET, MANEERSPLOT
Ta—FPBHAESNT VS, I CI, AR
R LTIl & R siIRNA, siRNAFEEL Y A )L AN
7 & — V> C RNAL % 5 2 85 s o B3R
BRSO LT H AT %

A TAIANRY Y —ZRWRNAIERE
Fiak

e J)w, Fric o 2R O £ B
DEMITE 2 MFIZHRARD & 1, Zﬂ A4

NARY 7 —ERTH S, DT H B8

FRAE e S LB BT EATRRE VA VAT F—
ELTHEL AN TR DG T T/ 7
ANART & — 7F 7HtET 4 VA (AAV) R
7?—,vy%74wx&7&~ﬁ%ﬁ6ﬂ%
PF)IANART & —
TEHET, ﬁw?%%%@ﬂm#m<,ﬁ&
MBS E WA, in vivotk 5 2T - 56121,
BEMO 7 F 7 A VAR 2 0ERIEEET
SO LRI NT VS, LY FIALILARY
y—gL bu A VAEL, koL ey A
WADEEER) 7D EI N LDT, TH
AT IR MR b B L, MRE X

NGB TR EST / ANFAIN DT
ErFERECRUBAMRIEE I LWRETH
2. -ELLYFIANARY ¥ — T E
Aéﬂ?@ﬁ?@:ﬁ~ﬁﬁ&&mtw,ﬁﬁ&
RNAI B R 2 5T 2 R o
SIRNAELF % 79 4 » ¢ M»%f h 5. AAVAN
77— IEREECEeEsE C, EAREBFD
WEAS J LANDEATIZEAERI S0, 7
FIIANAR =L T, ZELLED
RUIMOBEFREITRETH 5. BlfE, bt
FOMEBEFEAOEKICHRLFEIN TV S

Ry 5 =T, REE—=F Y V% ROICEAR

2) MREREEE O RNA RO 43

Bdibn T s, £ CHE, AAVRY 8 —

_@MHm&mﬁﬁﬁuwwﬁ 2T O B AN

JBLTED, @ﬂﬁ@hmﬁmtfﬁammm
O AAV R 7 — % i gy L WTRETH
5. BRopBuETtHh 59 ’ﬁ” &, 27 ANDRE

R S i <1E%If‘i’5’3;iz AR NS R L
AU TH o LT HELHH Y, MERERI

T ABEFIREOR Yy — L LTINS,

1. siRNAERNI 5—

AN AR Z—% o AEERN I RNALZ il
S 5iciE, sIRNAFEBIDNAR 7 & — o Edl)s
MBEL 72 %, ZDOFBLY AT LI 2002 IR
WTHESIN, BRIy TFTLILTEATEYS
4702l RKMENE Y (F1)., ¥ FLs
£ 71&22®RNA polymerase IIT (pol-IlI) % 7

OE—Y =Mooy AHE 7V F vy AU
T 5 RNADHI 4 ICHEE S 4, SN T2 8%
B L TSiRNAZEAET B, —T5, ~TEYY

4 7 1& microRNA (mlRNA) o7 at AL &
v hicEZ SN siIRNAFBIET, vy AE
T v F Ay ALV — T &I LT H8 5 short-
hairpin RNA (shRNA) »%E%H X1, pre-miRNA
ERIC X9 ICHIBEE TDiceric kT 7 uty v
Y7 ENTSIRNABYI b hans (K2), 20
s, 77 A3 FORMIBNERED & b RERE
DEHE~NTEYIATHY Ty A 7% Ll
TWw3EEINY, ~ATEYIA THBERL S
fHHENTV»S,
~NTEY A TTIE, ShRNAZEE S 3

[2 U6 RNA®HI RNA % ED K RNA 'ziﬁ:ﬁff@”f
ZpollllZE7uE—F —5% L BNTY S,
'''''''' icpolllllF 7ue—%—i, ZOEERE
pol-llZ7uE—%—khb%<, £AEEHG
HPHHETH D, BEOKEN4O EOT Tk
EINBEOSRREPH A, LLERDH,
pol-lll % 70 E— % —i313 & A ¥ QMK TG

—151—



44  Annual Review #i% 2011 . Basic Neuroscience 3. #:{b2 (97959

B. ATEVRAT
1. Pol II promoter FshRNAFEIH

Pol Hi

Promoter
P
Ppp
UUUy I

A BT LBLT 2. Pol Il promoter FshRNAFIR

Pol I promoter poly A
<=
promoter

>

TITTT

m7GpppG

AAAAA

3. miRNA%AT

opp “mmm“mm UUUU a. Pol 11 p!'OITlOtel'
ppp MMM vuuy Pl '

miRNA mimic

: poly A

m7CpppG

AAAA

b. Pol III promoter
Pol 111 miRNA mimic

promoter
>

SRNA (O

E1 siRNARBEXRIS—
KRB > T 5700, BEIVERET 2 #E - Mg WoORERMZEC 2 B8Z0NH 5. # 2T, 5ok,

Fri o4 % 2 &8 J&Iﬁﬁ?d’é h, EEENZ pol-I% 7 ne—%—%RH L 72 shRNAFH R 7
#BT 2 H3shRNABE B % W4, shRNAFE F =D AT LPWEENE Lo TET,

—162—



2) PhEEPEE D RNAL RO

S virus

HeHE

mRNA

®2 5&5@1’9&&3‘3”%shRNA%ﬁ&i@%ﬂshRNAtzckémiRNA?’DtZBE%
S ShRNAFRBLY A VAR Z ¥ — WS A XN 2 &, KENTlE

2N &‘7’3 HIBEE ~OBITHY AT B

5% 417 sShRNA W exportin-5 42 L b

oo e IcRIT L, M cDiceric Lo TsiIRNACYI D & 413, siRNA I —A#i{L & 1L RISC

AR A E4, TEERRISC I siRNA D BN HE » TR 2 B 2 S DB mRNA 2 85k L <

Wis 5, #% P’il &x. SshRNA %28 1 3B X ¥ 2284, miRNA D& T H % pre-miRNA @ exportin-5
SN BRER, RAMIRNADREMETLTL £,

4

-

o]

R, ETEL LIty Yo7 Lz Poll NER 2 RNAI GRS T & 5,
F23pol-lll %7 v E—%— X H shRNA D FHHL:
WhEnwILERINTwS e)‘ Poi-in;% 7n 2. MEEENOIA
E—F—mHVIEEICE T eE—8 —DFHIC I F TICHRERRIC AT 2 ShRNAFEH 7 A
minipoly A E 2 wah EDTLkE LT WARY F —% o8 {EFiH#EOin vivo il s
ShRNARISI % A § % FEk7 Biobic, miRNA TREHAEEVEEL LD &, O REI LS
L Bpol-ll R 7 uE—F —Iil k> THRE S 1L ’C:?"E&:-‘éi“‘;r/@%%%f%e s A LN T
At opolllR7a®—4 — FICiEL 7 B/ (1), T AR SRR S
pri-miRNA @ miRNA L 71| % siRNA B 71 1< & & FRloRY) vy 3 /% BEELy—F v b E 73: >
_ffﬂif: miRNA Y £ F7OR Y & — %R 5 ik TW3, 20044EIcXiab iz R Y L% 2 U0
LEZEXINTVLEY, MRNAY 4 7ORI F— - ~DSCAIDEFI =7 AR L, E b ataxin-1
i3 pol.—lll% TuE—Y—TFTTHIHEELEZI LY IZ5Hd % shRNAFEBLAAVI BIR 7 & — /R~
WY, MEMOmMIRNA L F U7 o DEBR S 21T, ARERDER L, 2>DREHE
by EZILIELOMIICEoTIRED NS L MR T REOMEIMR - Tw s L
LR R IL T CSIRNAZ BB TE B L#£2 5 BARL, MEEBISEHT 5 shRNAFEH 7 4 L &

—153—



