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which results in the embryo being composed entirely of
ES cells. Using this strategy, it has been demonstrated
that knockdown ES cell-derived embryos reproduce a
genetic null phenotype [12]. In at experiment, ES cells
were transfected with a shRNA expression vector
directed against an endogenous gene, p120-Ras
GTPase-activating protein (RasGAP), followed by
injection into enhanced green fluorescent protein
transgenic tetraploid embryos. As the tetraploid cells
were derived from a transgenic line that ubiquitously
expressed EGFP, contamination of host tetraploid cells
in the embryo proper was detectible by their
fluorescence. Indeed, RasGAP shRNA ES cell-derived
embryos exhibited phenotypes that were strikingly
similar to the null phenotype. Again, the reduction in
expression of the target protein in ES cell lines was
reflected by the degree of the phenotype in the
embryos.

In contrast to homologous recombination, introduction
of a shRNA expression vector into ES cells has similar
problems to the microinjection of a vector construct into
zygotes; that is, the copy number and integration site of
the transgene are uncontrollable. Regarding these
limitations, controllable integration of a single copy of a
shRNA transgene into a defined locus rosa26 has been
demonstrated [66]. In addition to this site-specific
insertion, the Cre-loxP system was combined at the
rosa26 locus to induce tissue-specific shRNA
expression. Furthermore, injection of ES cells with a
shRNA transgene into tetraploid blastocysts has been
shown to produce shRNA transgenic ES celi-derived
mice at a frequency of 3% [66].

Generation of Conditional Knockdown Mice

Since the phenotypic effect of the shRNA transgene
emerges in hemizygous mice, it is difficult to establish
shRNA transgenic mouse strains and to analyze the
function of the target gene in aduli tissues when
silencing of the target gene causes embryonic or
juvenile lethality. To circumvent this limitation, effective
conditional knockdown systems under the spatial and
temporal control of RNAi have been developed.
Recently, two knockdown systems, a combined RNAI
and Cre-loxP system [59, 62-64, 66—69] and a
pDECAP vector system [70], have been proposed to
have the potential which generate transgenic mice with
controllable gene silencing. These systems are
expected to advance markedly the functional
characterization of genes involved in development and
disease.

The Cre-loxP system has been widely utilized for
conditional gene knockout [71]. This system uses the
Cre recombinase encoded by the bacteriophage P1 to
catalyze recombination between consensus DNA
sequences, called loxP recognition sites. To develop
inducible regulation of RNAIi, Coumoul et al. modified
the Pol 11l U6 promoter to make a spatio-temporal
switch controlled by the Cre-loxP system, as illustrated
in Fig. 4b. The insertion of a loxP-flanked neomycin
(ploxPneo) cassette between the regulatory elements of
the U6 promoter impairs its ability to express a
downstream shRNA targeting Fgfr2 [67]1. This inducible
shRNA expression vector was injected into mouse
zygotes and transgenic mice were obtained [68]. These
mice did not express shRNA, owing to an interruption by
a ploxPneo cassette, but showed germline transmission
of the transgene. Mice carrying the Fgfr2-shRNA
transgene were crossed with two kinds of Cre
transgenic mice, Ella-Cre expressed in the germline
and Ap2-Cre expressed in the progress zone of the
limb, to obtain transgenic mice with an Fgfr2-shRNA
transgene and Cre recombinase. In these double
transgenic (bigenic) mice, the ploxPneo cassette was
looped-out by Cre recombinase in a Pol li-dependent
manner, and the U6 promoter retrieved its activity. The
resulting mice showed a dramatic reduction of Fgfr2
expression in a tissue-specific manner, and
consequently embryonic lethality was induced in Fgfr2
shRNA/Ella mice and the malformation of digits of both
the forelimbs and hindlimbs occurred in Fgfr2 shRNA/
Ap2 mice. As demonstrated by Coumoul et al., even a
gene whose mutation or suppression induces
embryonic lethality can be silenced in vivo using this
method, such that its function can be analyzed. Fritsch
et al. developed a Cre-/oxP controlled shRNA
expression vector in a different way as illustrated in Fig.
4c. In this vector, the neomycin cassette with the Pol lll
stop codon was used as terminator to interrupt complete
transcription of an inverted repeat at the spacer (loop)
sequence. Nowadays, a wide variety of transgenic
mouse strains expressing Cre recombinase from tissue-
specific promoters have been developed to achieve
spatial and temporal control of gene targeting. An
adenoviral vector encoding Cre recombinase can also
transiently express this enzyme in transfected cells, and
hence may also be useful for conditional gene silencing
[64].

Another example of an approach designed to gain
both spatial and temporal control over Cre recombinase
transcription is provided by the use of a tetracycline
(tef)-responsive system [58]. The tet system is based
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Fig. 5. Structure of pDECAP vector [70]. The pDECAP vector contains the Pol
11 promoter (e.g. CMV promoter), a ribozyme cassette and MAZ site.
DNA template of an inverted repeat separated by a spacer is inserted
between the ribozyme cassette and MAZ site. Transcription from the Pol
IT promoter is paused and the resulting long dsRNA is anchored at the
MAZ site, which is cut off the m’G cap structure by the ribozyme and
is processed into siRNAs by RNase (Dicer) localized in the nucleus. The
siRNAs then move to the cytosol.

on binding of the tet repressor to the tet operator (tetO).
Tetracycline binds to the repressor, inducing a
conformational change that causes the repressor to
dissociate from tetO. If the tet repressor is fused to the
transcriptional activation domain of the herpes simplex
virus VP16 protein, a conditional transcription activator
is obtained that can be shut off or, in another variation
of the system, turned on by the addition of doxycycline,
which is much less toxic to vertebrate cells than to
E.coli. This inducible gene knockdown system, named
the SIRIUS-Cre system, combines three elements:
siRNA for specific gene silencing, Cre-/oxP for tissue-
specific expression and tetracycline for inducible
expression. Transgenic mice were generated by mating
two independent transgenic mouse strains which
contained ABCAT siRNA expression vector with a loxP-
flanked EGFP cassette and a tissue-specific Cre
recombinase under tetracycline control. The bigenic
mice have been shown to avoid embryonic lethality and
to provide a successful mimic of Tangier disease, which
is caused by mutation of the ABCAT gene. The
combination of the RNAi and Cre-loxP approaches may
facilitate the deciphering of the true functions of genes
in vivo. However, a significant disadvantage of this
system is that the Cre recombinase does not act in
100% of cells, and its induction resulis in a genetically
heterogeneous population of target ceils. Therefore,
when a small number of Cre non-induced cells act
complementarily in the target organs, the phenotypes of
the transgenic mice may be complex. Hence, adoption

of this system requires some care to confirm the
correctness of the observed phenotype.

The pDECAP system may also have the potential to
generate tissue-specific gene knockdown animals (Fig.
5) [70]. This novel vector expresses hairpin-type long
dsRNA under the control of a Pol |l promoter, instead of
a Pol lll promoter. To avoid the interferon response
against long dsRNA, the vector is engineered to
transcribe dsRNA that lacks both the 5’-cap structure
and the 3'-poly adenylate tail needed for export to the
cytosol. The transcripts form dsRNA structure, are
processed into small siRNAs in the nucleus, and are
then transferred to the cytosol, where they direct the
degradation of the target mRNA without eliciting the
interferon response. Using this system, a pDECAP
vector expressing long dsRNA of the endogenous Ski
gene from a CMV promoter was injected into mouse
zygotes. pDECAP-Ski transgenic mouse embryos had
recapitulated phenotypes that were remarkably similar
to those of Ski-deficient embryos, with defects in neural
tube closure and eye formation. Although Shinagawa
and Ishii used a CMV promoter to control the pDECAP
vector, it may be possible to express siRNAs derived
from long dsRNAs using tissue-specific promoters.

Since oocytes and early embryos lack interferon-
induced pathways, long dsRNAs can silence specific
genes at these developmental stages [72]. Hence,
microinjection of a long dsRNA directed against the Mos
gene from the oocyte-specific ZP3 promoter has been
used to generate transgenic mice. These founder
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animals appeared healthy, but while males were fertile,
females were sterile in accordance with the genetic null
phenotype. Germline transmission of the transgene
was confirmed from the founder males to F1 progeny.
In the transgenic F1 females, the amount of Mos mRNA
was reduced specifically, resulting in suppression of
MAP kinase and H1 kinase activities in MIl eggs; these
eggs underwent spontaneous parthenogenetic
activation. These observations demonstrate the
recapitulations of the phenotype of the Mos null mutant.

Proof of Principle of siRNA-mediated Gene
Silencing for the Correction of Genetic
Diseases, using Knockdown Mice

RNAi has been employed as an innovative and
powerful tool to investigate gene function in vitro and in
vivo. Furthermore, this technology has fascinating
potential applications as a therapeutic approach [73—
77]. To date, to suppress viral replication, various
vaccines and drugs targeting envelope proteins or
enzymes derived from the virus have been investigated.
The advent of RNAI has raised the possibility of
developing a novel approach for targeting the viral
genome. Recently, specific siRNAs targeted against
replication of viruses such as the human
immunodeficiency virus (HIV) [78, 79], poliovirus [80],
SARS virus [81] and hepatitis B [82, 83] and C [84-86]
viruses have been developed. For example, Yokota
and colleagues have shown efficient inhibition of
hepatitis C virus replication by both synthetic and
vector-derived siRNAs using an HCV replicon system in
the human hepatoma cell line Huh7 [84].

Furthermore, suppression of mutant proteins that
cause disease provides a new strategic approach for
the treatment of inherited diseases. Dominantly
inherited diseases are caused by a mutant allele of a
gene causing loss of function or gain of toxic function.
In cases of loss of function caused by the mutant allele
in which the normal allele has an insufficient
compensatory effect, disease is caused by loss of
function, whereas if the mutant gene induces a novel
altered function or disturbs the metabolic conditions,
pathological symptoms are caused by a gain of toxic
function. Using the RNAI strategy, effective clinical
treatment for intractable neurodegenerative diseases
such as Alzheimer’s disease and Parkinson’s syndrome
may be possible. Amyotrophic lateral sclerosis (ALS) is
another fatal neurodegenerative disease characterized
by degeneration of motor neurons in the central nervous
system, and 20% of such cases are caused by gain of

toxic function due to a mutated Cu/Zn superoxide
dismutase (SODT) enzyme. Therefore, inhibition of
mutant SOD17 expression may provide a direct approach
to treatment for this type of familial ALS, in which onset
and progression of the disease are prevented. In
culture cells, siRNA can effectively suppress the
expression of mutant proteins in various
neurodegenerative diseases, including ALS [87].
Furthermore, virus-mediated siRNA delivered by direct
injection of viral vectors to the spinal cord or muscles
has been shown to delay the onset or progression of
ALS in an ALS mouse model [88,89]. However, the
most difficult problem in in vivo therapy with siRNA is
that a sophisticated method of siRNA delivery
throughout the central nervous system has yet to be
developed. To address this issue, we generated SOD7
knockdown mice in which siRNA is ubiquitously
expressed in the whole body, including the brain, and
then crossed these mice with SOD1%9* transgenic
mice, a widely used animal model of ALS, to investigate
the true efficacy of siRNA in vivo, especially in the
central nervous system. In treating autosomal dominant
inheritance, the siRNA sequence should in principle be
selected to target only the mutant transcripts, but in the
case of the SOD1 gene, SOD1-deficient mice show no
severe pathological phenotypes, except for fragility of
nerve cells after an axonal injury, hearing lfoss and
female sterility [90]. We therefore first designed a
siRNA sequence for ubiquitous suppression of both the
normal and mutant SOD1 proteins.

Microinjection of a shRNA expression vector into mouse
zygotes

We first tried to generate SOD1 knockdown mice using
a conventional transgenic method, as used in other
studies [11, 56]. The shRNA expression vector was
constructed by inserting the stem-loop type SOD7 siRNA
cassette immediately downstream of the human U6, H1
promoter or tRNA promoter in pUC19 with a pgk1/
neomycin cassette. When these vectors were introduced
into the pronucleus of the mouse fertilized eggs, no
suppression of SOD1 protein was observed in either
case, despite integration of the shRNA transgene into the
genome (Fig. 6, unpublished data). Consequently, as
also found by Carmeli et al. [11], we were unable to
generate siRNA transgenic mice by the microinjection
method.

Generation of SOD1 knockdown mice from ES cells
using a shRNA expression vector
As an alternative approach, we also examined the ES
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Fig. 6. Microinjection of the SODI siRNA expression vectors
into the mouse zygotes. Human U6 promoter and
tRNA promoter were used as the Pol III promoter.
Western blot analysis showed no down-regulation of
the endogenous SODI1 protein (upper) despite the
integration of transgene into the mouse genome being
detected by PCR analysis.
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cell method for production of shRNA transgenic mice that
express siRNA. A SOD17 shRNA expression vector was
introduced into 129/Sv ES cells by electroporation,
followed by drug selection with G418. As a result, some
stable integrants showed more than an 80% reduction
level of endogenous SOD1 protein by western blot
analysis (Fig. 7a). The ES clones were injected into
C57BL/6 blastocysts, and the resulting chimeric male
mice were crossed with wild type C57BL/6 female mice.
Germline transmission of the shRNA transgene was
achieved in F1 progeny. The presence of the transgene
in genomic DNA from the tails of these progeny was
proved by PCR analysis, and a remarkable reduction of
the level of SOD1 transcripts was detected by northern
blot analysis, which resulted in about 80% suppression of
the SOD1 protein level on western blot analysis (Fig. 7b).

|

ESclone # 23 29 cont 42 44  cont
SOD| | — e R —— e— G
3 -Tubulin| < e =-=ess o | o
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Fig. 7.

Production of SOD1 knockdown mice derived from ES cells. (a) Western

blot analysis of whole cell lysate from individual ES cell clones for SODI
and tubulin, Suppression of the SODI expression was successfully observed
in many ES cell clones, some of which showed drastically enhanced down-
regulation of the endogenous SODJ (Arrows). (b) Analysis of SOD/ shRNA
transgenic mice generated from the “knockdown” ES cells. Transgenic mice
confirmed the integration of the transgene by PCR analysis in the genome
from the tails (lower) showed the inhibition of SOD/ expression by western
blot analysis (upper) similar to that in the ES cells of their origin.
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Similar to SOD7-deficient mice, the SOD1 knockdown
mice did not show any obvious phenotype, showing
neither growth retardation nor motor signs, except for
infertility in female mice.

siRNA directed against the SOD1 gene suppresses the
onset of ALS in SOD1%%%4 transgenic mice

Two different groups have recently demonstrated that
injection of lentiviral vectors which express siRNA
specifically targeting the human SODT gene has a
therapeutic effect in an ALS animal model [88, 89]. In
these reports, human SOD7T siRNA expression lentiviral
vectors were delivered by intraspinal injection [88] or
intramuscular injection {89]. Both treatments showed a
retardation of the onset of ALS, an extension of survival
and an improvement of motor performance in the mice.
These results clearly demonstrate that siRNA has the
potential to reduce the gain of toxic function caused by
mutant proteins, which will encourage the exploration of
gene therapy using RNAI technology.

We have also investigated the onset and progression
of ALS in SOD1 shRNA/SOD 15994 bigenic mice
generated by crossing SOD7 knockdown mice with
S0D 19934 transgenic mice. If the expression level of
both mutant human SOD7%%4 and mouse endogenous
SOD1 are simultaneously reduced in the bigenic mice,
the SOD1 shRNA/SOD1%% bigenic mice are expecied
to appear normal and to grow up healthy without any
pathological features of ALS. Our approach of
expressing siRNA constitutively in the whole body
makes it possible to investigate the true physiological
response in all the cell types that express the mutant
gene with toxic function. Therefore, knockdown mice
will facilitate investigation of the mechanism of the onset
of genetic disorders, and will allow harnessing of RNAi
technology for the development of new therapeutic
approaches.

Conclusions and Future Prospecis

The major advantage of production of RNAI
knockdown mice is that the basic structure of a DNA-
based knockdown vector and its introduction into cells
are relatively simple. These features make it possible to
regulate the suppression of splicing variants or muitiple
genes simultaneously [91], which requires quite time-
consuming and laborious work using knock-out or
knock-in methods based on homologous recombination.
On the other hand, RNAI technology still has some
disadvantages. In knockdown mice, non-specific and
off-target effects of siRNAs may complicate the

phenotype, and the efficacy of suppression of gene
expression varies with both the target genes and
organs. Guidelines for the RNAI approach are being
developed to avoid these problems, including software
algorithms to design the most effective and specific
siRNA sequence against a given target gene [92-94].

Finally, although the application of RNAI to animals has
yet to be investigated thoroughly, knockdown mice can
facilitate the understanding of the true function of
numerous genes in vivo. This fascinating technology
represents an essential tool that will provide answers to
many questions and enhance progress in the life
sciences. Furthermore, genetic manipulation using RNAi
is likely to develop as a novel technology with applications
in non-human primates and domestic animals, in addition
to its value as a therapeutic approach.
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Supplementary Note

Our study on ALS using SOD1 knockdown mice,
entitled “Transgenic siRNA halts ALS in a mouse
model” by Saito, Y., Yokota, T., Mitani, T. et al., has
been accepted in J. Biol. Chem., and published on line
on October 12, 2005. In this study, we demonstrated
that SOD1 knockdown mice expressing modified siRNA
with multiple mismatch alterations could successfully
suppress both human SOD716%34 mutant protein and
endogenous mouse SOD1 protein throughout lifetime
and at least over four generations. As expectedly, in
the SOD1 shRNA/SOD1%%%4 bigenic mice, siRNA
prevented the development of disease in the central
nervous system. Our findings clearly prove the principle
that siRNA-mediated gene silencing can halt the
development of certain autosomal dominant diseases.
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RNAi (RNA interference, RNAT#) Wk 2 85F
LT FYA TE, ZOEMMET D5 BRI
BWOMBRERTH L7 »F 2 ABBOLI03 R, 1) K39
ALD10°7° (BH BB BUEEbhTwas, Lhrd#
DEETVEREL B BEROBEVOFBRLTETH 0, Eit
BB B ZOBRBBIZOVTIEHERLY A XL
g s hTni, Z0UE, RNAISA 75 — %5k L35
BEIZBTEY—VEwo72fH E, siRNA (small inter-
fering RNA) 2 EHBBREEL L CRBIGERT S )
2ODPES STLNTVE, 2T, T T2 4 VAl
BB, BB R, BUIEE 7 & TAEITHEA TWv 5siRNA
DOBBREZE L L CORBOMIEHIR & B A MRS R
B TR L 72w,

I.siRNA QM : ERBETISRNT siRNA

BIRMERERCHEET 2siRNATHEBEL LS & LA,
ERBIZTOH % BIRDGIC BN LT, BAERIIZER
L Z &P E L, siRNA & B RNA L OfFRMEICD
WL, —fRICAEEDL I A< v F45% o 72354 TsiRNA
DYRIEEHIEBBLRPET L), 12D I 2Ty
KX FROMTREETELRL, IAT Y FOME
WEoTEDRRIZEL S, 5 RIEMIIBEE L OREELY
RISC (RNAi-induced silencing complex) & Db ) 25
REZOM TN -5~ WEL) L LTH X, HEOEH
ELTRIEFMMWOIET)WEET, Lo TI ATy F

WEARENEI RN EEZONTWVAY,
I . siRNA D5E% : off-target 315 & DRI

SiRNA ZIIRIGHT5BICh, 9475 ) —%Hwi-8
ZFRELTLHRICD, off-target IR, Thbb, EhyL
L@ mF RN, A7z 19352 0 siRNA OB ER51
WKARER Y —DhBHOHBETORBEEFMWATLE I D
B LIEEFUSTHE I N TV DD, &RICF ORI T >~
FEVAGERRBRL T2 2B, #hThE < D#E
EFORBSLLh o THELY T B TR H 5. Jack-
son 6 DIRFT?, @ 19EEP 1I5ERY LT, BETII 1
BEDREU T —DH5BETFICBTOHENH 2L
SNz, 5% 2 Ooff-target RO & F O MR E
HMMETH 5.

T 7z, BHE D193 ED shRNA (short hairpin RNA) %
B/ & —DRHUZ L - T, BWHINETPKR (double strand
RNA activated protein kinase) OiEHALLR EDAL v ¥ —7 =
T Y FUSHEIZEZ o T IIFRN R Y Uy BE E
BILERNAZEAEZ D 5 B L WIAMENREN, 2B ZF0
BEICL > TREHMBEIC R 500 Lhiwnd,

T . WHEEEERBA DI : DIV, SBEikRE

RNAI OFEOEFAWZEO12E LT, ML
RTANADY Y BEREHETAIEANEZ O N,
siRNADFERLE, Y4 VAF ) LBEFRIA VR
mRNA 2R & L= RS2BICEA TV S, BEE T,
HIV (human immunodeficiency virus), C# - BEF 4%
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X
SOD1693A
Tgw oA l Tgw A
siRNA
G93A {(+)

SiRNA (-+) SOD1693A

1. SOD18¥A KNS oY1y I ADEETFARE

SIRNA (—) SOD1G93A

YIZARLTRYyTF > (tail)
SiIRNA (=) (+)

<y ANo. 8 3 29 7

SOD1 (superoxide dismutase 1) 1349 3 siRNA #BRIFRS L F 5 XV 12y 7 (Tg) 0 R & BHHEREEMNRELE (ALS) OEFILT
YA THBGOIALESODT (SOD1 %A Tgwy R ERITAHhER T LT (X)), ERSOD1 2N VHENFR £ 80X ENH TS Z L IZK

L7 (B). 6 H ABOBATALSERORBERTLICHFIS ATV 3.

ANVR, BYFIA VA, AVINVIZYTFIL VA, TIA
FFANTANATEEMIBLNVTIESH L0574 VR
DL Ay ERVDERETERR SIRNAPHE S Tw
B, EELL CHIFRTHEN R SIRNA ZHE LY, BAT L
DEFNVERACTREZ LTS,

T, VA NVREERTZOLOEENETHOTIERL,
%7 A4 v AR DB R B R M ONAERRRTF 2RI 5
EHEZ LN TWA, HIVEEIIBIT S TSG1019% NF « B
p659Y 7= v b O EORH % siIRNA THIH| L, HIV #4851
ERRIL-EOMELH S,

B 512, CD4RCCRS 7% & DO HIV-1 &Gz B 5 Y V33K
BINCRAET B 7 4 W ASEEEERN & L T2 0FEB z Hi
FTAHHELRELND Y ER SN T AHD.CD34 " & i i
IZCCR5IZK T B siRNAZ LV F U4 VA TREFEIE
72 oA, IEFIZHALL Tin vitro TR 270 7 7 —Jllin
vivo TTHIFEIZZ ), FOWME L DITHIVIZIERPUMEIZ 2o
7L OMED L EN, SHROBRISHICHGIF/ - hTn
5.

—7J5, IL-1 (interleukin-1) ® TNF-q (tumor necrosis
factor- a) % EDREET AL A4 rOFEBE LTS
iz, REBEBOBRERE L TOWREMERREEDL)
Bgme LToORADPHE SN TS,

V. @ EREBA DL BEEMEENRE

BEMRETY ) ABEFOERVERTHRET 5546,
BIETERIORRT 2 BERFICRBEROD 5 EETOE
BEFEDTH DY V37 BORKOEOWBEOWHE T /213
T3 534 (loss of function) L ERBEETRERSY
X7 BB TR 2 ST 534 (gain of function)

D2OWH BT EDVHENT WD, BIETERINEIABMAEL
HLBE, T H200T7 ) VORGITRIZTFERYD -
T THRIET 5B ROALSHERDIEROEEDZ < iXloss
of function & ZOBIFE L, —HOT I NVOKRTRIET B
Yett RMEUBEEZEERORENDE { OBE 1 gain of function
Th5DH I ENG V., FROAEERZOBEIEFEIDT Y
VB REAE LCIEEEROESORDIEFEDY Y30 B
BEBLTWAEDT, KR 37 BOBEDOBE I ]
Wt o2 R, EBRTINVELREBRLIEREY V3V E
DTS PO & Bz - 7248k (gain of adverse function)
%M (gain of toxic function) #F 7z IZEHTH I &ITE
DIEARET S 2 L DMEE ST B, SOD1 (superoxide
dismutase 1) ZRIC & A EMEMRWE(LAE (ALS), &
KNV IV, T IO REEMEY 32 B (APP) R
PS1 (presenilinl) BEFERIZLAZTVINA T, «a-
YR IVUA VERILL B—F U VIR EOR G REN
EEERZRTEELMEEEREBOZ  #¥gain of toxic
function # ZDRIEMF L EZ T b, 2O L) RERDIA
BAEEZLEE, BRI /3y BOREE T 5 5k
BHIE, FOBEOVR AL HTRE, #1TE Mk
THI LW TE DI TH S, |ill, SCAIO T VA
Y=y s (Tg) % ADNEIZSIRNASHIE 7 5 ) Bk
ANZAEBEALT, BEIEE L MREL 2 3E L L O
W ENT=9, 4% 513 S0D1 KT % siRNA # BRIFEH S
B Tgw I ARERLT, ShEALSOEFLVRTIATH
5 GIAERSODL Tg= v R L #TAheE, £HDEESOD]
& Sy BOREE 0% LM 5 Ik L7 (K
. ZOHBITLD, 67 AMOBE TALSERORIEIIE
LIl ST, BAERSODLIE, v 777 PLTHH
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A

SOD1G93A FAEMSODT

siRNA M-/ GO3A1 G93A2 JMA-JL GI3AT GO3A2

SOD1 ]

i

GFP

120+ = =
E1 siRNA G93A1
0ol — _  [OsiRNAGosa2
32 8o}
=
é 60f
£
2 401
)
K]

SOD1693A  BZ4RI SOD

pm b N By 17

2. ZESODT IZEHENIZIEET % siRNA

siRNA G93A1

siRNA G93A2

A 1293T #IA2IC GO3A % - 3B AETISOD1 RENY 2 — L siANA GO3A1, 2 4 HRB A ¢, BAENE L UTESODI DRIBEYI T4 LT Oy b
L7, siRNA G93A1, 2% & HI2SOD1 SRANFEI A ZHAICIFIL T, HAERSOD1 ORBIFIEEAEMEIL LD - 7-.

B 1GFP % 2 712 SOD1 MR # S 5LEEMsEIc TR,

Yokota T, et al: Biochem Biophys Res Commun (2004) 314: 283-291 & ¢) &%

W 2 AR IR IR 8 2 O CRWERNIE % Wl BB DS 28,
PIZXSCA6 DA, TORREBET IV 7 LIAF ¥ %
Vo o7 by ZEERI~2H TS5 2 &2
LNTEY, IEFET ) VOSBEIENIG - 5 ERE kT
AR, Lt s C, BREEBOEREII, FHT
UNVOFEBEZELTI, ZRTIVVORBROLLEET S
T EMREF LW,

EBDE I, BEFUEEDBENTH S HERTHIER
TINEERT ) VOESIOEZBHRLTEET I VOLS
YT X % siRNA ORI TTRECTdH 5. H2 ICHK KM ALS
DR HBIRF TH % SOD1 O 528 B GI3A % BIRKIZ LI L
TIEWHEINIZIT & A LHE L 2 WsiRNADOH 275519, [
BROIRE1I48HE Y A b =7 D% frontotemporal demential?
THRESNTWS., L2L, SOD1 R PS1 D AHZERIE 1005
BLOEMONTED, 20T RTIZIFERN TR siRNA
WA TEBDIT TR, EELITWI L LEET
ERIIHLTHIERNTHY LT LV RNAIEEZEELT
AR, HIEZ D in vivo TOERMARITHTH 5.

RV TNVIIVIHEDEIZ, BV BELEIOE SHED
BILENERTHBBEEI, COEELHYELESZ

DHLDIZHTHIRNADFFAL YT 52 LI3#EL v,
MJD (Machado-Joseph# (SCA3)) O34, CAGY ¥— b
DETFTOTRIZC/GOEMMEH Y, ZHIZCAGYE— D
BOBLENORSEMELTHWS, BWEDEL 28>
JREGT DIV TRTCED, B EL2EOFETY
WTRBPHOBTCETHLD W(HIA), £ TEES
BIDOC/IGOLROREME LTSIRNAZRE LT, BT
DMK R siRNA 2RI L7z, & 2ADPBWAZ LI
ZOSIRNAREZHPERT YN EFUCTHLENCAGY
E—bDIEETINEHE VYT L b o 72 (M3B) Y, =
DI, CAGY ¥— FEOEILICEIRNAD T
KIEHEDOLELL MID RNA DL BT #E &3 5 RNA S
F NI BOREEEDOEIL L o T, siRNA OEMEREI~
DT 7 RAEREPELL72000 LRz,

V. R BB O | IR RS

BEAEDTVINAT—IF, 73—F 2V ViR ALS i
RIFEBEOZVIEETRETERRWALH TRV, 2h
TNDFRERFOF — L 20T b, 20OREY
M9 2 2 & THRESTRED? S L, Bl 21, 7 1w
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A B
5' ‘ TR S de Al 140F 0 10nM
| MJD cDNA __ [(CAG) | | SRNA Q79C  Q22C Q22G 120} B25nM
(1onM) (=) (0 (=) () (=) # 100
G CAG CAG CAG CAG C/G GG GAC CUA UCA GGA ataxin-3 i o i\%é[ 80+
, i @ 60t
siRNA £n
(25nM) (—) (=) () (=) (+) X 401
071 E=3(CAG) .C ataxin-3 | ™ 20r
—1(CAG) ,G T m—— 0Q7eCc Q22C 022G
20 ZRY  HER
& Q22G/Q22C Q79¢ ® 3. Machado-Joseph# (MJD) RNA (Z3 ¢ DECHIZET U IVEFE
N .
220 i i 4 — REEFUSERAZAG A SIRNA OEHG
B A:MIDBEFIEMIDBEFROCAG U E—- POWRICK > TRET 3. CAG
10 4 UE—~ hOBICIRGICHUN S Y, BELECAGY E— M EEOBEEP ULIET
RTGT, EET7ULNTIHGICHBEIEETR SN 3.
Bi#ELNDFHA L LAEMID sSIRNAR IO EROE 4B L TERT UL
o il s 1] 5 (Q79C) %ML, TET7UIL (Q22G) WYL AH -7 AT, BWiEZE

10 20 30 40 50 60 70 80 90

122 OMJID siRNA 13 Q79C LEZEMENDE > <ALDH S 1 DOEET UL

(Q2C) HHTFRPIIULATB LB P> L.

CAG UE—-rDEZ

Li Y, et al: Ann Neurol (2004) 56: 124-129 & V) 2XZE.

BACET
[Oa>ro—  E siRNA |

(pg/mi) (pg/mi)
300 - 20
250 16
200 i

150

100 8

50 . ;

0 AR4D 0 AB42

AR—FHOL LT LY —VIEERENFTTHHMW. 7
WINALR—IROEFTNVEIZ AR (amyloid B) 7 7 F
VIR OYVUEDZEIGEIC L ) A0 R E I L,
FMEELBER L EHME SN TS, REOHATED
SNTWAERIEBROMELOBEHREH 209 WREH Y &
ITHDH, THETNINL T —HORERBICHER»S
ELNTELAPRAZKRELEFHTLHOT, AFDE
ERIETAZEPBEDY—F v b b, A BIZAPP

N ="
GIMERGT MR ERL

Ha. MEETILYNAT—RIIT B sIRNAIC L BBE
2T —FLRETREAPP (APPsw) ZERBEEMB/AICENT

BACE1 (C3 T 3 siRNAIC &L WIEBRPICHIBEN D A BEE EHIH
L.

o BEYyEZLI—HBILoTHOHENRTERINS.
PS17%: EH 65 y 2 L ¥ —EdNotch 7z L OO EEE 2
DFLHEEE L TWA DO #Ifl 4 2 L MEH
B0, BEZLI—PORKLEEDONSBACEID/ v 7T
v by AR ORE L RS v, £H 5D BACELIZH
$ A SiRNA ZER LT, BEMRTA pEAZIHTE
LT EERLE (R4). 5%, JLH22MEEMIZIC sIRNA &
PRI AT 2 2 &AM EEE R dud, W R ERTE
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b0 d Lk,
VI.siRNA®Din vivo ~DF {1 —

siRNA [3HI2 B T RISCIZHU Y A F M TEIMIH M % 54§
528LD, sSiRNADOF YN —i3HIME S 22 g &
G BIEFERICE DN ABTEDNARY ¥ —D X )2
BIZT 72 A 2 B %, McCaffrey® S 13~ 2 DR
B2 5 10 ~50 ug DEHSIRNA 2 KE D5 ~10% DK E
DPBSHEH TE5~TH OB CEATENS Fuy 43
7 AT, = A sIRNA OB Az KT L7, X
LIZEE, CONA Fay 4+ 3 7 AETEA SN Fas®
% Caspase-8 123§ B AW siRNA 25, =2 A IZBVTHESR
SNIRIEFRIC X 2 EREET S22 L s sh
SIRNASin vivo THERTH D I EIREIN, Fhowr
AZBWT, siRNA IR B A% 5 7260 A AR R 4
WA S WDs, FER O 280, W, Wi, B8 A T Ak
THEZEPRESINTWBY, 22058 LTI, IS~
DET EERFJZNOHMBATOD, 20 F FHKISHS
A LIFHEELV, BE, siRNAD R Y Ao 3 Kz L
ATA=NVEFBEICLILICLY, BEOHEEOEHIRE
SCDIFIBE BENOBADRTERTH B 2 EASRI N,
ZOM, BRI F Ay 7 URY —ARZ ¥ — )RR
NTEY, INHIOPVTEAHKREREORE 2 B8 8
nizwn,

RHOMBIBIRIZIZ YA VAR ¥ —BS0BEL 4 5.
shRNAFHNRZ ¥ - A S 2 V2 T7F )94 ARl
YFIANA, VIO VA, TF IR A VA ED
TAWRANRY & — T AAATIER L 72 siRNA B3 4
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DRE MBI TV A, BRTEE S 3R A
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OGS RS,
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1) BORERN K S B EE 0 & T ER R B 1R (R RY)

F113-8519 BUHARSCH IR B 1-5-45

I. 3UBHIC

RNATF% (RNAD) 1%, Wik 2EEFIIL
TETFYA VTEC, ZOENEET ORI
DRI OIREIRTH 5 7 v F 1 v AR
D103~"Rs, VARFA AD10275 (AR Bne
WhhTws, Lrs2omyREESEEL,
VIO BE OB E TR TH D, ERIEFIC
B+ 5 Z DEERIGH DB IR RYH 2 5 KX
CHF X T, Z2hid, RNAIZA 77 —
AZUBHETEHRBRICEIT A Y — Lo 72l
ifi &, short interfering RNA (siRNA) % Btk
REESE L U CORBICHEIGT 5 &9 Z D20l
2ofTbh TN,

22T, T AL AR, EENR
B EMEE L & TRRISHEA TV 5 sIRNAD
BiRIESE L U CORRBOMZEEIR & FE R
TR A DS L 720,

I. RNAF# (RNAI)

B 2 RYRNAIZ & » THE ST S 8ET
FEBUNH] T B 5 RNAURZ S AEY 2 6 B, T
BT S £ IR BRELTRE S h, ok
BRI D o =LY 4 L AR L LTRIS
nTWwiz,

MPEPICEA X7z 2 AEHRNA, Dicer &

XN % RNase I A REFER 7 7 3 U — I
k5 T21~24mer DFE W 3T EHTID 2 AKEH
RNA short interference RNA (siRNA) 125 X
N5, siRNARREIES ShTT v P2 v A
DABRNY =2 EDNL DPDOEHE S
7 5 RNAE A EMEAERTH 5 RISCHA &K
IZHLD A &
h, 7ty 2GICHmNcEE 6D
mRNA % Z DHILTHIRT 5.

LA L, WHALBMIC B 5 2 A RNA DB
A TIZ PKR* 2'5' oligosynthetase DE AL 2
& B IR B 2 BERH S RNAD 3 @ B U
KA P OMBENFEATLE D 228, A TFEWE
MPEELTY, BETHROFELELTE
RNAIOFIFH DK Z L hFIZ s - Tz,

L7 L, 200042 RNAIHHO thMEN T b
BsiRNAZ AR L THWAZ &Itk TINb
DB RS A ELEE X, siRNA DB R R &
R T FREIIRI 2308 & 2 5 72D,

M. siRNAZRAWEEEREERED
BEFABODEALS
WIRPERERTY ) ABETOERNFERE TR
KT 234, Bz AR T 5 FERFIC
BEROH HBETORBTEDNTHD S VI8
S ARDEOWEOME E 2 RIET T 254

(RNA-induced silencing complex)
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(loss of function) & B HERTRER L VI8
DH 7 AR BE & R T 5 S (gain of
function) @ "D H BT EBRHEN TS,

BERTEEIMERERICS 2546, X T
5 D0DTVIVORIGISEIETERN S - T
U8 THRIET 3 BHRakHEEEB AR
#D % < idloss of function & 2 DHEFF& L, —
HOTVNDLTHRIEY 5 HRAKEER
WRDEHRD % < DA 13 gain of function TH
BT ENB,

WREREHEEOEGIHATO 7Y L
26 RN E UCIEE RO 5D RD EF
DAVISTERERBLLTWHEDT, KDV
N DO E I D R E 72 &<,
BEER7TYVLNMORELUIER Y VN7 B M5
NOIEF & B - 72188 (gain of adverse func-
tion) M (gain of toxic function) % Hr7=1Z
BETLILICKDREPRIET S &0/E
EENTNS,

SOD 1 ZE51Z X 2 Azt IsRIE{LAE(ALS)
FHEAY SN2 I V%, APPRPSTEETZE
FZ X % Alzheimer i, «-synucleinZ%#IZ K&
% Parkinson i Zs £ O H GG EEERIZEA %
N EBE MR EEREED % < Tgain of toxic
function X DRFEF EE AL N TS, &
DED BRBOBREEL LS, BRLUE
2 V8o OFBE WS 5 HEr T, T
DIEFD NP A b 6§ RAE, #7205
T2 HFTELIDLITTHS.

V. siRNADERE : EREET
T#FEB %4 siRNA

siRNA & JEE RNA & OREMEIZ DWW T,
ATy FOMEIZK > TEORITEL S,
SMHNEFEEE & DAEA LD RISCE Dby 2
BRE AT 2L —5— (WEL) ELTH

RS FhREE  vol.15 no.8 2005.8.

X, HEOEHE L TR IOIES PEET,
L7z T I Ay FIT & B REDRIR N
EEZLENTNWS,

TERPIEROBENTH IRERTHIER
TUNEERT )VILORIIDZELBH#KRL TE
7 VNLDAEYIWTE S siRNAD MEELL A
BECTHh S5, B1ICKRMEALS O REEEF T
B 5 SOD1 D 4 F GI3A & I YT L ¢
LIEHEINCIEIE E A EHE L £V siRNAD
Bl &9 1) EERD |3 frontotemporal
dementia® J2Hxdystonia? THHMEG I T
%,

RV EIVHEO LI ITEED R LES]D
REVEDLIENERTHZ5/1E, 20
fie U 7208 03B LB 2 O & DI 5 siRNA
DFYA4 vETEHIEEHLY, Machado-
Joseph# (SCA3) OIE4, CAGYV Y —FDE
TOTFHIZC/GD polymorophrism23H 0, =
L CAGY) ¥ — P DHEDRUESO R E LB
BLTOE, BVLERDELEEDHT UL
EERTCERN, FMEDELESDIEET Y
LTIFEEOHTCTH B (K2 A).

FZThhbhiBINDC/GDpoly-
morophrism DZEH) & U TsiRNA#HEF L,
7 ) ISR RN e siRNAZER L 72, & 2
AMWENZZ L2, Z®siRNA polymor-
phrism ZZ 2= 7 J L LR U CTH %48 CAG
DE—-MDIEFET7ILED XYM L a2 -
7z (R2 B)Y., ZOWMFIE, CAGYE— &
DEALIZHE S RNAD ZREEDEIZ L - T
SIRNADIZRIBFIAND 7 & & AN FENE U 72
7D EELITND,

V. b7 VA0 129929 AAD
in vivo DE %

SCAID M v AP 2=y 1w 2D/
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A
G93A SODf wt SOD1
SIRNAV. cont  GO3A1 GO3A2 cont GO93AT GO3A2
SOD1
GFP
120 t
100} [
S
2 60¢F
2
£ a0}
= O Control
20 } 7 siRNA V. GI3A.1
th B SiRNA V. GO3A.2
0 il

GO3A SOD1  wt SOD1

Cont siRNA G93A.1 siRNA GO3A.2

®1 ZRSODIICHREMICIERMT % siRNA

A @ 203THIEZIC GO3A % /= 12 BRI SOD1 SIAN Y & — & siRNAGO3AT, 2 8 £RB S ¥, FEMS JULRSODI

DORBPEYITALLTOy hL7. siRNAGIZAT, 2% & HIZGI3ASOD DR EZBRICHE L T, HERSODIO
HIBFIEFEAEMBEILED o7

B : GFP # 4 42 S0OD1 O3 & SyeBEMISIC TR (MY &1 %).

SIRNAFHI 7 7 /hitk oy A L 2B TEAL T, bibhh g SOD 154 % siRNA % i Fil 7 5
E@@Jlﬁ?“tﬂl‘ﬁ LA GE L A & O R XHE NIV ATy s AEFILT

1

X X5IZiRIE, SOD1ITH Y % siRNA ZHEALSOEFALVY Y A ThHDHGI3AZRE

>X

FE IR lenti-virus & &5 OB A ES LT SOD1 + I Vv AV =y v ALWMITAD

s B = o — 7 Y IZsiRNA &2 FHL & ¢, o, 2HOERSOD1 & vy DR 80%
G93A3{J SOD1 NI VAV T =y T AD DL 2 Z 2o L7z (R13). ZORIR
AL =S EhTnb 12k 8 AEOIEE T ALSTER D FIE XT84
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A 5 3
MJD cDNA (CAG) ,
G CAG CAG CAG CAG C/G GG GAC CUA UCA GGA
40 - -
B (CAG) nC
] (CAG) nG
30 -
w
@
2
5 Q22G/Q22C Q79c
320 A
£
3
=
10 4
A4 v
_FWI . [T |
O 40 20 30 40 5 6 70 80 90
CAG repeat length
B
140 1
Mutant Wild type []10nM
SIRNA Q79C Q22C  Q22G L 120 & 25nM
Gomw) (D OB O H £ g |
ataxin-3 25 80 L
& 607
SiRNA 8
(@50M) (=) () (=) (B (=) F 407
e 20
ataxin-3 0 . .ﬁ_ - - ‘ .
Q79C Q22C Q22G
Mutant Wild type

B2 Machado-Joseph#@ (MJD) RNAICH T 2EFIERT VIR L — RESIIEKRTEN
7 siRNA Ot i

A . MIDFREEF I MIDEIETFAD CAG repeat DHERICE > THIEET 5. CAG repeat DI 12 G/C polymorphism

HY), MELZCAGrepeatE HbOERT VNI TRTGT, EETVITIHGCHrREETHON S,

B:bhbhdDFH 1 L/AMIDSiBNAZZD1IREDERERB L TERET VI (Q79C) #4808 L, EHET7 UL

(Q22G) YR LB h -, MAT, BWAaZ EIZZOMID siRNAIZQ79C EAZBIESINE 5 < RALDE S5 —D0

EET7VIL(Q22C) b FHIC LTI L b -7z OTEkY &0 ).
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X €

SOD1683A TgM SOD1-siRNA TgM

siRNA (=) (+)
G93A  (+) (+)
SiRNA(+)SOD1G93A  giRNA(—)SOD1G93A

Western blotting (tail)

siRNA

mouse No.

G93A SOD1

B3 SODIGIBA T Ay =y 77w ADERFRE

SOD1 I T B3siRNAEBRIFERSE A MNS ATV I ZY IV IIXEALSDETILY IR TH S GI3AEESODT b
SLRAV Iy Iv I REHIEDLERZEILEN (B), TESODI &L /NVORBEE80BLLEMHE TS LK

Thi 7 ().

mlxhctns,

V. BNAILY T B in vivoDBE

SIRNAD jn vivoT V) /3) —IZ X > T3 2D
TEREME S A DR NI R B HINTHE ST

B, KR ABEBETTh LT =
2% 3 % naked siRNA % f#llikiES4 5 Z &2 &

DE TSz KIEAA T, & bel-2

IZX T 56siRNAZ HFA =y 7 VKRY — Ll
WTHIREE T2 LK ITIHICHE S
WiBA T ZOKE XOMNIRE S
2. X HIZvy ADBEPEAIZ TR & B
A TIL, pololike kinase-1 (PLK-1) {23 5
SiIRNA % V5KV — & & A TREREINIZIRE§
5 Z &2k - TPLK-1 DFRBUKT & A Al
ORI Mg =D,

VI. siRNA®D in vivoAND T 1) INY) —

SIRNA (M E T RISCIZHU D A F T U
WHEAERITT2Z2L XD, siRNADFT ) /31) —
B X 2z i k<, BETHEIZX

6 BOBAR TALSEERORER T2 ICMH S h T3,

LN BIBDNANRY 2 —D XS IZHIZT
7Y AT LB,

< 7 A DEFHRA 5 10 ~ 50ug D A1 siRNA
BIRTED 5 ~10%DKEDPBSIEH TS ~7H
DFREETHEAT ZNA FagfF 39272
AT Y ZDTHINE SIRNADE AR
L7z, X560, ZOEAETHEA XN
Fas” % caspase 8 IZx1 9 5 A siRNA T~ A
AR SN RETZIZ XS LEREIET &
Bl OWRENR S, ZON, FagdqgF
Sy I ABABEZOFEEHRIGHT S Z &
WHE LAY, sIRNA A in vivo THAINAEH T 2
ZERRLIHELSRETHS.

N FaEAF Iy 7 ZEAIZ LD siRNA

AR CAZ I R, M, W, OB A
mmfﬁézammiémfuaﬁ Mm%
B3 8 B 72 9 PHERIRERIZIEA 6 2800,

L2L, N FagfF 3y 2BAEIE
Z DA DT & MHBRAO & A1
D72, & b AORANEEEL U,

R, siRNAD & v 2§03k a L
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FU—LARBEI TR LICLDBHEOHEED
ERIRAES T O IR & IFE N DBEALRETH B
ZENRENSEY, £/, IgGEsiRNAFA &
B CDEEEN L 72siIRNADFHHT LT Y 23 —
LMEINTNEY, ZOENICEHFELESF
ATy IR B —IRRAICHE IR TW S,
TR A DA T ID LT ey,

AT EVHISIRNARBN Z—a VA b5
FAETFIOANZIR VY FIALINLA, L
TANK, TTIRETANZEED T AL
R 8 =T AA A TR L 72 sIRNA R 7 A
NLANY & =% T, in vivoD R a~D
SIRNAE A DRE N R AL & EhTWD, Btk
WERAFE & =T T/ BEEY A L A D LI
Y 8 H (AAV-8) HIEE ICEVEEFE AR
BdHY, BRFEh s,

ViIl. £&&

SIRNA DR ZE S & U T DEEERIGH O#F%8I
1% off-target effect 7 £ 2414 0D il X silencing
s ERIROFOME, MK %A %7
VS = ERRT REFRELE LD
5. L» L, siRNADBEAT PRI R IEEEE T,
Z OB EBUC R X, RT3 IER
IEATWS, Lzh- T, FERISEVIRIC
B MEE B TOH L WIBRED HFE I siRNAD
AN 75 5 7 &4 A0 IR L 72,
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RNA T (RNA interference : RNAI)
(FECFS RV B EFRBMENET, O
PEBDBEFICHLTHT I TET,
Z DEMBIEFORBINEZHRZEH T
B, LrH70OEIEEMLE< 118
EDBVOFSORIBETSH 5. RNAIPRE
BE4 T & B short interfering RNA
(siRNA) I3, P FEMFEOFEELTA
CHAZhTWAY, BEBEELLTS
74 AMRE, BicRR. BEEEL
ETCHRRSBICHT RS RERICEA

TW3, FE T, EIRMERELMRERIC

WEHE K- T, siRNA I &L D BIETFRE
DRIFEBEEARICDOWTHBIL 720y,
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systemic administration of

SIRNA % Fi U 2B T
BB DB f%m%kﬁ

BEEERTY /) LBETOERERNE
HCHRIET 256 . Bl TERISERT
BRIEMF ZI3ERD b 5 EB{5TFOEIE
FREMIT & BEEOARKD E DHBEHHE
Yo F 713K T 3 % B4 (loss of function)
L EEBETREREANH 21RO
BE % S84 5 B4 (gain of function) D 2
DNH B ENENT D, BIETER
PERERIZSH 6. N T52007
DILDORFIEIETEREN S > TREL®D
THIET 5 W aRBBIEERORE
D %< & loss of function % Z DI & L,
—HDT VOB TIHIET 5 HGERE
PEEEEROBERD £ < DA gain of
function Td 5 Z &AL\, FBYLEREME
EIEOBAEIFERIO 7 ) a5 R
&L CIEFBARDFFOROIEHOEA
BRIELTWEIDT, ARkOELOHEE
DB DL B BET YL,
LR L-EREONRMS HOIERE &
75 - 7-#BE (gain of adverse function) X
#1 (gain of toxic function) # ¥ 72115
TBZ LK DBRPFIET A Z EPE
XT3, SODIZEEC X 5 Fhiatdl
ZZE{LIE (amyotrophic lateral sclerosis -
ALS). ®FEAKY 2L % 3 VI%, APPRPS1
BIZTERIZ L 5 Alzheimer 7. o -syn-
uclein ZF#1Z & % Parkinson % £ D
BB EBETE R R T 2 A iR
PR O % < A gain of toxic function %
ZORITEWFEEALTD, ZDLI%
EROWBIREEZ D56, BRULEH
ORBEMHT 2 HEN b, 2O
FEOMmElz»hh & ¢ RE, #ET 4010

THIEHPFTE DI TH D,

2%

T (R A IR I S HIE BRI (R IR BY )

GAR

)

TE, IRy FOMNEIZ K > TZ DR
3587 %, 5 EEE & O/A K DRNA-
induced silencing complex (RISC) & M
Hhp Eﬁ’géiﬂlﬂ’@”é)b— 7 — (W&

L), REORHE LTI Mol
Oﬁigf\bk#ofil7v%ﬁi
LIENRNENEEL SN TS,

EENUEREOENTHHHEERTE
EHET VN EERTY VDR DZE % B
LTERET VILOAETM T & 5 siRNA
OIERNIATRE T H 5, B VIZFIEME ALS
DRFBIZTFTH D SODID AR
GO3A % ERAYICYIM U TIEHEESIZIE
IE L AL BB L\ O SIRNADHI &R,
[k 13 120E dystonia R frontotem-
poral dementia THRE T2,

RV TNE I VRO K, #DIEL
BAOR ENEDDZ LN ERTH B
AL, ZOMEL G0 LESZDE
DIZKT BSIRNADTFH A V& THIE
138t Ly, Machado-Joseph J7 (SCA3) D
BA. CAGYE— FDOETOTFHIZC/G

1 ZER SODTHFERYIC{ER 5 siRNA

G93A SODT B4 BSOD
[ T ]

siRNA 2/M2-I GI3A1 G93A2 2h0-I GO3AT GO3A2
SOD1| i - =

GFP‘ i

& .

(%)
120

—_

00 |~

for]
OO

Intensity
n B =2
O o

l
|
il

G93A SOD1 FHEISODHT
[(arhm-i B2 siRNA GO3AT £ siRNA GI3A2

203THIRZIZGO3A % /- 3B 4 EISOD1 FIBN Y 22—
& siRNA GO3A1. 2 # HREIR& &, BERRUER
SODt1MRBEYITRE>T0Oy bL7, siRNA
G93A1. 2 % #(ZGI3A SOD1 DFIR & EBRRIZINGI L
T, BAERSODI OEBEBIFEAEMBIL AL -/

(L)o GFP & 2 J12SOD1 MFIRE RABEMIEIC T
B’/ (o (3zik 1) & ¥) SEEERED



