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RNA T-# (RNAiD) (X2 A8 RNAIZ & - TEYY
FRMCHEFORBPNHM I NSB LT
19984 IZFire E MelloH (2 & » TH X 1,
200640/ — RNV EAE BRI E TR
RNAIG VA L 5 G W L TFY L TET,
FORR L - O RMER) R I Lo BB % T
HBET rFL ABBENIOH, VERFL LD
10°°° (J1BR) @ eiibhiTuwa, LA ED
BVIFRIE L S LEEO BV ORBLTHETDH
0., BEHTHICBY2BERISHIIZ>VWTIEZ0%
RAph o KEMESh T/ siRNAEHIW
oA FIRMREOBEIL S Tloy 4 VAR, B
PERRS 4 & COMISEEA TWA, 2T, ALS
@ siRNA 1 X U¥short hairpin RNA (shRNA)
DOERBIKE L L TOMROBESIRE ME Lz
WTHHT 5.

I. RNATF#$ERR

EV2AHMRNAICL - TS ho 85 -8
BIMHITH 5 RNAIBLRISHIY 2 5 1A, WHFLE
WoWBF TS LTREB SR, ki
MBI b AV ZABBE LTash Ty
7o, MRRMIZ B A S 7z 248 RNA 13 Dicer & I
(¥4 % RNase I MBEL 7 7 3~ »

T21~24mer D F V3 R A D 2 K §{ 0 siRNA
Wi s n. siRNAE Dicerd#iy v w7232 C
& % TRBP (human immunodeficiency virus
transacting response RNA-binding protein)
& - T Agonaute2 (Ago2) XY 7V —FERY,
RLC (RISC-loading complex) % EWKT 5 *.
siRNAD2ASD ) Bty Vv —8 (A
S 1EAgo2IC X D Z oI TLI S TR
B, HA PR (T F2 2 A OADIA
LA B, 1AL %o osiRNAIR OV
OPDY T AR TRNAY 230 Bl8E
AT & % RISCH &tk (RNA induced silencing
complex) ZMKT 5. ZORISCHGHKHH 4
FEUSHIMN 2 A £ 45O RNAILT 7+ R
LT, TOpRTH#HT LY. LaL. Wishy
2B 1T 524 RNA® E A 12 PKR R RIG-1 %
2’5’ oligosynthetase DiGHELIZ & 5 J4E R 4 B
RPHCRNAD TR EEI L, SR FOM
RABFEATLES LD, T FEWFEFNTHEELT
LBIZFHEHROHEELTORERYITIIR T
Wiz LarL, 2001402, RNAiBHE oY
THAHsIRNAZ TR L THWAI EIZL»TZ
WOHDORIBUGAH IR S, JPRA TH R 2@t s
T-RBMPAREL o fov. 3612, siRNAK
5% v 9mer DV — TR To LV stem Bl

* Gene Therapy with siRNA to Familial ALS.

*t WEKH B KR AP B R R S UM R R R BRAE N (REEEINED  Takanori Yoxora : Department of Neurology and Neuro-

logical Science, Tokyo Medical and Dental University
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XY ROy 2R T S shRNA % pol 111
RDOTOE— ¥ — FIZHiA L7 siRNABSIDNA
TIAIFLMBEEN, YANART YR T
VAV 29 0RIADII AT - LT
W MORBBIZHIVWSRTHWS Y,

II BEHAEEMRBEORNAIICL S
BIFERMOEFERES

MARPEHRMT Y /7 L B0 OB RARIN TR
TOG, S FEWIIRINT D BRI L
W dh s FOBE EMTHL 5 w370k
KDL OBEOTIR T FT 286 (loss of
function) & &i'ﬂﬁif,t\ [RERS Ry
W ERAE 2 M1 55 (Y (gain of function) ®2
ﬂﬁ%%:aﬂmnﬁtunﬂ.ﬁmf£%#mﬁ
ARIZH D, VT H2207 ) VORI
WL ERD S TR UDTRET D SRAEY
PR R O #H B D% < (4 loss of function % &
OBIFEL. —HOT ) NOKZRTIRIET Bt
HBEEBEEAOKRLEDE { DM idgain of
function TH B S EHS . 45 e fo it {s o
W REERO7T )5BS Lfi’i‘:‘:‘;‘?ﬁﬂw
DV ORDIEREDY 13213 %BUL TS
T, KKD Y 3 OBEOEBII RV, /M
L, BRTUNPORBLUIENY 230 Hé
5D R & R - 7o 8 (gain of adverse fun-
ction) Xtk (gain of toxic function) % H/:i2
B3 b LI E DRBARAET BT LA S
nNTw5s,

SOD1 £ & 2 W FBMPE 4 k4 (amyo-
trophic lateral sclerosis : ALS), £ DK} 7
VE I W, APPRPSIE{A FERIZE % Alz
heimer 4. a-synucleinZ $¢{2 & % Parkinson #§

D R (AR PE ML % AT BB L AL
‘I"I 451‘&?@5( 1284 C gain of toxic function %%
DREBEEEZ ONTVD, OLHLHlo
TRE ERA D0, ERLIy 37 0RBIEW
W35 hdEdbhid, TOMFONMIIhdb S
A, EITEMET A LM TCEADIIT
boH FRL. EFERAISHIEEEALSOM
{z T % angiogenin® 134 Refo K BEPE B {2tk 72

BOENY Ly OWIUF AN & 24D hap-
lotype insufficiency B Z DO Ir & LTHEZ H I,
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FRlOBRBIIH TR E S %0,

III. SOD1C&BREKMALSETIN VI R%
B -RNAI L& 2 RIZFA

UFICiB<D ; 5 (2. sIRNAOHUKHIkE~D 7
o) —EEYS TRV, FTRNAIE VB
BIAY 1 el N ALSﬁ‘(‘x?}:*"ff“E“Cd*o eSS
PERAET LT, KA LsiRNAZ 2L TR
HWEHsiRNAMT S AV 22y 7 A%k
WLT, TWTALSOEFLVYY ATHDHGI3A
EWRNSODI M Y AV 2oy 2w AL Gh
ETZOEWIRERHS L. siRNAFT ¥ R
YLy IR AD LT 2 AV — O % Fig.
1AY. BV RNA O OHE ) #4172 Pol 111
FOUETOE— Y — O FifilZsense ils) & /%1
v Fu 3 7% antisense fid 41 & 93 I @ hinge
Al 51l T #5 fv & & 7z short hairpin ¢ SOD112 #f
THSRNAZHMBISRBTINZ ¥ —%ERL
7z, sensefdHNCIZHIBICE L TRV 2 3¢
% 728 (2 mismatch mutationZ# A L 7. 2O
shRNA EBL 1 # ESH#IRLISB A L T, 50MES
i 7 o — > H 5 Western blot {2 & - CTES#HIN
OWNRDSODL ¥ » 737 DRBIA L IH S h
Fera—rERIRLT, Ehi B67 7 ADblast-
cyst 2 microinjection L TH+F A vy AR L
oo SHEBEEEMEETFL: Sy A Y2y
IR AR HRLL. Oy AR
WTSiRNADOT »F+ 2 28 (F4 F) 0%
Bl L, WINTESOD1 D33l % 80% LA Lo
W5z AL 7.

COSODIsSiRNA RS Y AV aw oM A
FGIBALENSODI b v RV 22w v AL
#Hirfrhe, PIKAEOLERSODL Y ¥ /37 D%
BE80% Ul LI+ 22 Lkl 2 (Fig.
1B). GO3AERSOD1 MGy A xz=w oYy
Z i3 4P 160 HEAMIZSELC T 545, Z D siRNA %D
RiCEh, HirHbeg<y 2O ALSH RO B
1500 HRL R S h, it omBoEiTd 2
Rl LS HEL TV 2™ (Fig. 1C). ShH 04
RILsiRNA & v 9 Kl CREN ALS A #Enl ik
THLIEZHMMIRLIEEZ NS,
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T x T

SOD16%9A TgM SOD1-siRNA TgM Western blotting (tail)

siRNA (<) (+)
mouse No. 8 3 29 7

o 4
G93A SOD1

siRNA (- (+)
G93A (+) (+)

SIRNA(+)SOD16%%A  siRNA(-)SOD1693A

B . . |
Kaplan-Meier analysis ‘
e somiens 1
E 1 — :::::‘:\nl , Crossed
E 08 }
'o; 0.6 |
g 04 F
E 0.2 F
I A | I I
Ql- 0 100 200 300 400 500 600
Age (days)
C . . 1
Disease Duration |
4 L ;
3
2

0
SODIGY93A TgM Double TgM

Fig.1 TransgenicsiRNA delayed the ALS phenopype in the mice model (ref 7, 8)
By crossing siRNA-overexpressing transgenic mouse with SOD1G93A transgenic mouse, mutant SOD1 protein was
reduced to express by about 80% (A). All SOD1G93A transgenic mouse died of muscle weakness before 160 days old,
but crossed mice survive even more than 500days old (B), and the duration of the disease was prolonged (C).
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G93A SODI

wt SODI

SIRNAV.

cont G93Al1

G93A2 cont G93A1 G93A2

sop! | .

BEEE R

B 120

& D (o]
o o o

Intensity(%)

~N
o

0

100 —

G93A SODI

=
0 Control
O siRNA V. GY3A.1
B iRNA V.G93A2
wt SODI1

Fig.2 siRNA specific for mutant SOD1 (ref 10)
Effect of siRNA G93A.1 and 2. on G93A and wild-type SOD1 proteins expressed in 293T cells as detected by Western
blotting (A). B shows the percentages of band intensity with siRNAG93A.1 with respect to that with each mock trans-
fection. siRNA G93A. 2 is more specific for cleavaging G93A SOD1 RNA. Values are the mean and SEM.

IvV. ZRBIZFHRNOL RNALE

PRI SOD1IE 2 v 7 7 b LT H W2 pligR
JERIZ R XA, IRVIFOMIERIA RIS T
D*, Bz IESCA6 DTy, Z DN {z f-alpha
AN LIAFXYFND ) v 72T b= Rk
HH1~2MTHCETLHE, IEHTVILVORD
PRI 7 e dE R % & 2ol EPEAS V. L7oAd
T, EEEEHKBOHRICE, BT VO%
Bafiib$is, £ 7V LVORBOM%EPEIT 2
CEHNLF LY. SOAIELRD X H 21D
WTHLUERTHLIEWTINVEERT ) VOK
WO XZRBELTERT)VOARZYWMTE S
SIRNAD FH 4 Vi3 L FERWTHETDH 5.
G93A SOD1 D 51312 siRNA ORLHI D 581 A & 10
A0 13 H O 5L BB & 7235 5 At
L ¥R SOD1 O YIM & AME M L 72", Bk

34 ke Vol.25 No.1 (2008)

AKX AT T AT 47 AMHICTIEATA FHD
M6 100EHB L 16 LN T, FRI2T7) » ¢
71 v (GA) I ARy FAhedbAhRmE f X
NTWD", KRR 4 HER L 72 G93A SOD1
DEER (G>C) ik L TERT ) V&R
IO L TIER 7 ) MR EAEEE LV
siRNADOHI % 3¢ (Fig. 2)". LA L. SOD1#
(RS X 2 R BT B8 00 o el AL 7 &
TR ZFOMAERD100HBILL FRIGATEY, £
DFTRTOERIIH LIFRBThHOED W
siRNAZ 74 »3+5HZ LN THL. £ T
KA nh e H M s AR L THRRM T
DB LORNAIEE ERK L. £t ¥ER
BLOZERK, mEOTLILORBLZDED W
siRNA THIHll 3 % & [l 12 % @ siRNA T Y)W &
NawkHicxry =7 LRz - Tk
Wy oy %didsn v hikT Zo4ittx
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5
pQ28C (mutant) -—{ -

(CAG),,

pQ13C (wild-type) 5’ -
maodified pO13C

(CAG),,

-

[

target site by SiRNA7493

modified sequenge! |

amino acid sequence:

KNP ANBRST

Q28C (mutant)
Q13C (wild-type}

pQ13C

pQ28C

modified pQ13C
siRNA7493

E native sequence: ... CCC} UACE AGC: GAG! AGUS GAC i GAUZ GAUE UGG .....
uaui ueai cAAZ UCGE GAU} GACE Gaul
Tyr: Ser: Glu: Ser: Asp: Aspi Asp:

||+ +
+ ] ++
+ 4+ +

Fig.3 Schemaof mRNAs transcribed by expression plasmids of truncated CACNA1A
RNA sequence around the target site of siRNA7493 is showed in the lower part of the panel. The bold bar indicates
the targeted sequence by siRNA7493. Blue characters are RNA nucleotides that are mutated from the wild-type.

There is no change in amino acid sequences expressed by pQ13C and modified pQ13C.

B BO D THLERY IV Y I I Ha k)
SIZHEW L2 (Fig. 3).

V. siRNA®in vivoNDF YN —

1. siRNARRIV A I AN 52—

ALS 7% L O AR B O HIIZIE RNAI O 4
WALOREMIZEL D RALETHY, ERIZEY
ANWAXRY ¥ —HQUYE D, siRNARIUNT ¥
—AVANG T METF/IANVARL 2 F 714
VA, LrawA A, 7F/MiEY A VALY
DIANWANRY ¥ —ZHAAA TR L7-siRNA
BB AL WANRY ¥ —% VT, in vivo DRI
DsiRNABADOHIGEA K 4 L ST 0B ™,

MLy Fa AN AET7TF itk 40 21wl
FEARLIC D SAPRICEATE T LAY RO
FRBDEIVWIECELLOHLTCHDL. L F
DA WAL HSODLICH % shRNARB AN

% BERSODL I v AV 2w 2 ADTF
fhlCwi P EA LY, ARBAICIEA L THlE= =
— O I RIS L Y F 7 4 L A% % L C shR-
NAX# BB X4 TGISAZMSODI T VAT x
Sy IR ADRIEZRES G LOWEL RS
nrew, WEC 7 F 2Rtk 4 L RIS X D shR-
NARHNR Y & — %A HWISIEAL T, MEHA
OHHETEIR LA Lo, 3™ 77
J Blifk ™ 4 L R 1% Parkinson 6 % .02 TR
HEATEBOBKIGHAGZ>TEBD "™, shR-
NAZEBLAAV % v 2o i ft A~ o i 2 f- i
BIEDERICA->TEL.

LA L. L AAV % Hv27: shRNA D4 5%
12T, ERMOBENAERSIRCESHL LD
TSR IR, COFRERIEALL
siRNA DRHRAAKAE L, BEEON % - 7B
{7120 A shRNAICBWTHELTED, #HE

KRN B ML LA O RNA T2 O ME i 35
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@ microRNA (miRNA) DAL F & I » T /e
C AL MK N T shRNA & NI PE @ miRNA O i
Bk Cd % pre-miRNA A Sk il ) 7 1 & A B T
HoT, EhOMBT~ODRBITY Y32 ThD
exportin-5 X’ Ago2 & shRNAA B 7§ 4 2 & 12
0. miRNADOKMIL 7 0 & A HEE S TH
BmRNADPL P 50 ER STV D,
Fx Ly ABOTHEEONREEZ#RBRLTE
D, F#HOshRNARBN 7 & — & Hwizit{s
HOMEN B 2 [ EVED B 5.

2. siRNABBOREARRS

{LoF A58 L 7 (00 siRNA Z i O Rg 8 M1 1~
QMR EAT A 2 LI L - TR O ERGIZ
wmmwxm&%&uﬁmfw&Mﬁu{Wﬁ&
Z50%FIERIB Lc ot s, EHS
NTWw5h, siRNARXHFF=v 7 HEY—A120
BEL Tl B RIS B E A LT, AP 1%
PR TR BUK T 7% Z&‘.tsm*cm‘f)u:iﬁ}\c:bl’i
WLitoWibHsr=>. SODUHTHT ~
+t>1&@&hﬁ-ﬁ-&%Lfﬁ%ﬂmlb
SYAV v Ty MEHMLIZEOBMED S
N, 7 rFb s ABOIRE YIS X B4
EIC oW TILREAH 5.

3. REBPHRIASTFIWRTFIFEFAL

7= LULsiRNAD T /Y —

siRNA®D 7 1) /3] —Jjih & LCTHiR® X RNA
77y w—" %siRNAK (T 2T, BAMBLD
THEEENLZSIRNAOBH LT U N — L it
BENTWS., LaL, ThHsowndholjikT
b IR TE S T siRNA A MLAT I % B 2T
MEERICF N N =T B L ES TRV, MK
MM A8 T A LI ICT AN A7
V2RI T A€, 2 a—F kR, it
MR AT 7204 Y A AT 5E/7 7
O—F kRO XS R TERIE) RV — A
FHERLT, B8535 L1248 AR~
MASEEIETLRADMGET - TWVDHY
MFEHINLA~NGEAT 2 7 OHIILEA S 7 F N RT
FRFOFHL RSN TELA?, TSR
FRWMEREINRL HERIWIANADORSY 3y
PHFHEAL L2097 I/ EIrLRLIRY TF
K292 7TV FZ v 2#if 34 (RVG-9R).
CHLsiRNAL THAEKRZHERL T Mk
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u;h%mmwmfmi”.MWwyxnmﬁm
Z50%FHEEIHI L2 v ™ SERIT A VAL
MmHW&@MFMML%ﬂLTwé:3+V7
LFNTY VR HEROT 7=y PICEIGL

TLHEMOTEN T Y AL b—Y AL - T
LS AR Lo ) s — L e 2 Tw
VIRRIPL T R T3S S R TSP (/AL RO A A

0, FE W O GHliASC & ST R B b i
HsiRNA it T1~2mg/kg & JLEMNILHE W TH S
S EDS., SHROBRIGHANT RIS 5.

V1. off-target %%

siRNA 13 fifl 2> (2B 12 £ 1203 2 A A A%
PEIZ 5V AS, V2 siRNAAS2LH L & v oo
IS AINITED & 2 Yo it s F O RBLE THIH
XhTLEHWEMNEYXD L. OB RIZoff-tar-
get I ENHENTE Y, siRNAZBIKISHT 5
BRI IZsSiRNAD WS I 6 5H 5 KERMET
b 5. off-target )R I IFHEIEKFELAA LN D
7zOlZ, TE BT W EBNBUIPIZ B L
MHbHIEiXiid)FTLHEVH PLEN L off-
target Fl&E /i ABEH ST W 5.

Jackson & ™ DM T, MA 1950 155
VL ET, BT ORIBIYED B 5
TloBWwWTieEih o el sh/, /4 ik
WD I AL 27T 4F A4 7 AWK T off-tar-
get R % Z4F 2 Mtz R 3 oo JE LR BUR IS
HEtE% % RO 28N HHZ LAY LM E L
o 72 TAUEEIEE 0 30O EREUR

2450 L Z 03 BL& 3 % microRNA O 15 Al B
JPIZEIMLTEBY, siRNAOKA A FRIDEHH2
B H~8KJEH o 74t (microRNA @ seed #i
BIZHY) (Fig. 1) 258"l UTRICHIMER & 2
BIZTIEEERIZTI LS.

off-target S - & N[BT H121L, FEOT V-
FTIMUTRIZ Z O seed iR O IERL S (2 HI il
% &2 BE 25 4F L 2 v siRNA AL/ % B 4R
THIENHFE LW, LAaL. seed Hiliid 73k
LRIV, S ORLYI 7T TsiRNASH kB
FUHHEZ R0 EWICHETH L. I
iL. off-target M Z M@+ L FilkE LT
A4 FHiDseed RO X 7 LA F FIZx$51L

FHEOAMERR S L) b, 5
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& 2 % H 0 2-0- 2 F I L ¢ off-target B H ©
PRCRRN E S Jhid #dEEORT
A8 Z OF MM & D RISC & mRNA & OF
EARRERE R DT, target H{L - O BIHE)
B2k B 00 off-target il {z - OB BLIIH A3 7% <
RBEEZLNRTWVA.

EbHIC

siRNAD MK K E L CORRIL B OIS
i3, shRNA#PE off-target $h % EMk XX
WEILF L HLN. FORLENDTD RN
LuwbOddhs, FRPV R, FOLENRILSR
RIISHEATED, BROKEZMETH 2 1A
BAOF) ) - FIECLKELEEDGDH D,
Parkinson#i CAAVIZ & 2 ®{z (- #Hftide b T
BiEo-THH, AAVIZ X 2shRNAZ v 7
SOD1 % R K itk ALS Ot {4 i IS BUEEDS
BDH. X512, EYANANRZ ¥ —DEEDS
HEMTECIFRICALS TOH L Btk oIt
IZsiRNAOHHARBEI NS R DI L 2HIFLT
Wi,
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Gene Therapy with siRNA to Familial ALS

Takanori YOKOTA

Department of Neurology and Neurological Science, Tokyo Medical and Dental University

RNA interference (RNAI) is the process of se-
quence-specific, post-tanscriptional gene silenc-
ing , initiated by double-stranded RNA (dsRNA).
The gene silencing therapy with siRNA is a
promising strategy to autosomal dominant dis-
eases, such as familial ALS with SOD1. Trans-
genic siRNA markedly delayed ALS phenopyte
in the model mice, indicating the proof of princi-
ple of this strategy. There is a recent progress in
the delivery of siRNA to the central nervous sys-
tem. Especially adeno—associated virus is safe
and long-lasting delivery method to neurons.

There are still important problems for applica-
tion of gene therapy including off-target effect
and short-hairpin RNA toxicity including pro-
cessing impairment of microRNA. Moreover,
non-viral delivery of siRNA is needed to develop
actual application of siRNA gene therapy, and
there is a rapid progress in field, using receptor-
mediated transfer with antibody and aptamers.
There are still important problems including off-
target effect and gene delivery of siRNA, but itis
not a fairly tale to apply gene therapy with siR-
NA to familial ALS patients.
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* Clinical Application of siRNA to the Nervous System.

** RGERE R B AR S B Takanori Yokora : Department of Neurology and Neurological Science, Tokye Medical and Den-

tal University
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Amyloid precursor protein (APP)
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Cont BACE"1
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Fig.1 siRNA intervention to sporadic Alzheimer disease
The siRNA to BACE1 suppressed the secretion of Aj from APP-stably transfected culture cells to the medium.
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~ 5‘ 3v
Sense CUAGGCUUAACUGAAACAA
Antisense W TGAUCCGAAUUGACUUUGUL

g

alpha-tocopherol

5’ terminal of siRNA

Alexa 488 Alexa 488

phalloidin phalloidin

merge

Cy3-labeled X-siRNA Cy3-labeled siRNA

Fig.2 Vitamin E-conjugated siRNA
a Chemical structure of vitamin E-conjugated siRNA
b Confocal imaging of liver after intravenous administration of Cy3-labelled vitamin E-conjugated siRNA (red).
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Clinical Application of siRNA to the Nervous System

Takanori YokoTa

Department of Neurology and Neurological Science, Tokyo Medical and Dental University

RNA interference (RNAIi) is the process of se-
quence-specific, post-tanscriptional gene silenc-
ing , initiated by double-stranded RNA (dsRNA).
The gene therapy for familial neurodegenerative
diseases with siRNA has been started and
showed promising results in the model mice.
There is a recent progress in the delivery of

668 MM Vol.25 No.6 (2008)

siRNA to the central nervous system, such as our
vitamin E-conjugated siRNA. There are still im-
portant problems for application of gene therapy
including off-target or immunostimulatory ef-
fects of siRNA and miRNA suppression, but a
rapid progress can be expected because of its ex-
tremely high efficiency of siRNA.
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MicroRNA &t #iiE %

B W R e
MicroRNA and Central Nervous System

Takanori Yokota”

Abstract

MicroRNAs (miRNAs) are 21-24 nucleotide (nt) duplex RNAs that participate in the translational regula-
tion of messenger RNAs (mRNA). These miRNAs are created from precursor transcripts by subsequent
processing steps that are mediated by Drosha and Dicer-members of the RNAselll family. One of the two
strands is incorporated into the active sites of a protein that belongs to the argonaute family of proteins,
where it serves as a guide for complementary sequences in the 3-UTR site of the target mRNAs.

miRNAs are expressed at high levels within the as well as mature developing brain. These miRNAs
orchestrate the maintenance of adult neural cell traits, promote cellular homeostasis and dampen en-
dogenous and exogenous stress responses, and modulate multiple parameters that are associated with
synaptic plasticity. In this regard, the expression of a brain-specific miRNA (miR-124a) in nonneuronal
cells enables the conversion of the overall gene-expression pattern fo a neuronal one. Another brain-
specific miRNA, namely, miR-134, modulates the development of dendritic spines-neuronal protrusions that
connect with other neurons-and therefore probably controls neuronal transmission and plasticity. Reeent
evidence suggests that miRNAs may be a contributing factor cases of neurodegeneration, such as those in
Alzheimer diseases and polyglutamine diseases. Research on miRNAs in the context of neurodegeneration
has been rapidly advancing, and the goal of this review is to provide perspective for new data that may aid
specialists in this field.

Key words : miRNA, non-coding RNA, Drosha, agonaute family, antagomir
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miRNA (polycistronic miRNA cluster) Ti¥, Dk
A b mRNA ORI IZBIR L LB %V, 12, pri-
MIRNAD T RXRTHmIRNAIKC o A3 dbidT
1376 <, pri-miRNA & miRNA FEBEZAHBIL 72v
ZEDWRENT WS, Flz 1, let-7T O pri-miRNA &
RNA&AEH TH 5 1in-28 1 £ - T Drosha O BT
ZOYID M LK %521 T, miRNAWEKRZ bD
mRNA & 37 U T pri-miRNA 7 & O Y10 H L o il
#RZT T 520,

—HT, Wfif > barZD6 DM pree-miRNA TH
LYONWME S, 4> F oY =preemiRNA O
IX mirtron EWEIEN, ZOHERA T I v 7 a3t
A braryBEDOEE premiRNA & L THHEL TED
4 RIC Drosha (326872020,

BT 2DAT v 7 ELTpreemiRNA X exportin-5 12
& - T s 1, RanGTP KTFRIC KL © JET I il
Ehz2™, WIDAT v 7E LT, HKEICH 7 pre-
miRNA (X Dicer I& &> T 22 i 5 E O 2 X H# RNA
WYl &, Dicer & TRBP (TAR RNA binding pro-
tein) OIFEIEMIC L > T 5 Kid HE T AL F —iC
& D FLE 7 miRNA 810 & 0341 72 agonaute % &
DHAEES D A h, fAD miRNA #id5
fE 352, siRNA 2 & O E ARSI, RISC
(RNA-induced silencing complex) &WFEEh 25329,
miRNA # & & 8 & 13 micro-ribonucleoprotein (mi-
RNP)?® £ miRN A-induced silencing complexe (miR-
ISC)?" LFEENL TV 5,
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(A)
m» E miRNA: mnRNA'
duplex
Pri-miRNA Pre-miRNA 1
TRN‘ pol Il ol = Unwind
\
N LN ONN NN LN
miRNA gene
Nucleus
Cytoplasm
RISC RISC
(B) ™G(5")ppp(5)G
Drosha
(nucleus)
‘W[,”v } mlRNAII@
A iR’ A
Dicer )
[cytoplasm) Fig. 2
A :miRNA4AW D 7 o+ A (Annual
miRNA Review of Neuroscience 29: 77-103, 2006
i , & DN £ THEEIK), B : Pre-miRNA
3'-,A.AAA pre-miRNA » & @ Drosha, Diceric & 2¥]0 HiL
L | (Genes & Development 19: 517-529, 2005
pri-miRNA & 0 FFA] & 15 THEIK) o

Yawv yav NI TIE I D7 a -t Ak Dicerl &
Agol Z& ¢ RISC IZPRE & 1L siRNA O 7' o v A BH%
EMNLL T B A, kT3 Dicer (& 1 fi¥i T siRNA
LHETHY, miRNA X4 DD Agonaute 7 7 3V —
DTN ELZFLRISCICHMDAEFN TS, ZL
T, HREANOBEFRIMEIO8 L LT, miRNA & Z O
mRNA, B & Uf argonaute ZHH IZHIIENIC GW182
p54 7% E DO S F & & b KRB L T P-body
(processing body) #3529,

IV. miRNA OB{EFFRREAHHE

1. BHDR# (Fig.3A)

B ORI IZLAT O 3 DOFAIAHEBIL TWw b, it
b EE LMo, RISC DA F 7z miRNA
D5 s 2HE,S HEEE TO 7THED ‘seed’ &

FEIE N 50 AHS, B2 mRNA @ 3-UTR (#C 5-UTR)
WICEREICHME I~y FT5 2L TH D0, 1D
A L5 9 IG5 B mRNA OFcsI»s, AZ:
BUTH LEHEEMENLERT 2, B 2 OFEAN,
miRNA-mRNA @ 1R 4312 buldge 2» $ A 7 v F 3
mdnEwiTRw, b b L, siRNAD X S I
agonaute KFFMHED RNA VI BSEEZ > TL £ 5%, 8 3
DX miIRNA @ 3’ HIOFFICEE 13~16 D 4 HHEHS
B mRNA MR H 2 £ Z OB EEN AT
23, X 5IZMA T, seed SHIELAEM mRNA @ 3UTR
WEEEBAFFEL TRET 2 ENTEDL I LN
ZMCEER) RNA OFEBL &M% 3 2 LERHTH 2 ThEM
DR S T 530739,

2. BERRIBIOME (Fig.3B)
miRNA O BIiRIHE OB F & L ¢, @O agonaute,
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»15 nucleotides Bulge
e Jan
e PR NNNth ............ AAAAAA
LIy ! -I”””-
I BMESFNE N B ' 1
NNNN mMiRNA
\‘ o y I
b B 7 8 1
v + Buge " >
3’ complementarity ?e%?gn
(B) Deadenylation Proteolysis
7 FZILbEENICHE< mMRNA 7388 HERTF RO

ma .g%gim

Initiation block
BARAAAE

- i

MIRNP binding

/

Elongation block
BiRBEREE

< N

Fig.3 miRNA ORI R T IDHI#m
(Nature Review Genetics 9: 102 114, 2008 J D 0] % #3 T i)

GW182 £ miRNA O#HEAHE (miRNP/miRICS) %3 CAP
ROE N OBIRBIMRA T elF4E O S # BAHE T 5 2
L X BBIERBIBOE (Fig.3BAET), @KV A
T=NVORT7 F=nbic k aEk & F ] &8 <
mRNA D453 # (Fig. 3 B £)3%, QFFREAM% O BER 58
FHE £ 7213 ) RY — L 0% (Fig. 3B AHLE)*, @OFR
ENELYDOHER)RTF KOS (Fig.3BE
T RENEZLRTWVE, THSDEBOBRME
OB OFBIBIR I+ I R T uds, 4ixl
EbHD 1O miIRNA OBERICBWTIE, 1K
LT miRNA ZBERBIG 2 HE L T, 2 0%OZE T
IO mMRNA 23 L TWw3 EHEZ SN TVLE, %77,
ZaF A Iy 7 5 S BIERERE T 3 90 1 LLEIH
EN7BM T, mRNA ORHATREARARLEL L A6
n, LOKRERMEIEZIERTIZIEZEALDBS,

MRNA O FRLEI &> TEICHEH & 2D
58,

RO T b7z £ D2, Z OFRIMGI OB X
i) mRNA % Y)W 3 % siRNA O #AE & AH 10 57
KoTWT, ZDFEIXsiRNA O 2 KGH%HE 5E 2 I FH
HTHHDIHL T, miIRNA/miRNA O 2 A5
h Gk D = A= v F % G-U wobble ¥t % & R
LoERICL->TRI AP ORTWE EHFZ LN T
b, ¥aw ¥ avNTTidsiRNA £ D RISC loading
complex (RLC) 1@ Dicer-2/R2D2 253 A= v F % & &
2w 2 ARG A BRI RISC 12 Y 7 v — b ¥ 2 8 H3 ¥
HHL TW23 53, & MTIRZOBFIZEHS TR v,
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