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ZAR MR BT L (ALS) 13, EB)= 2 — o > ORI
B Lo TEGOMNPIET T H2ABHHRDO 1 DOTHS. =
NFETHRENEL TRV IEZ Lo 7225 2006 412 ALS
B X OHIBEMBERRZE MESE (FTLD) 267123\, TDP-
3B FF VB AKORER Y X7 B E L CTRHES
NV, S5 Z0%, BTN D70 MR BRI
TDP-A3 & ET HERNAHOHM Y, ALS & FTLD i3 A <
7 bS5 A ERIZHY, WMEBORRREZ TDP-43 A7 < B L T
WBZEDHLDE 570, T D7D, TDP4A3 Do L1
HAEREZ FE T 5 2 &A% ALS RIS AT K TH 595, 2
NFTOLZAWFIZ LM S Twiwv, TDP43 ik
A —H%N) REGEE S %2 8 (hnRNP) O —fT, RNA
WA FRAL YEHETSHI LD S, RNA ORELREES H A
HRECHELTWEEEZEZLNTWS. TNET, EOoNDHE
WA T T4 2 v ZORFICEG T ErMEINTNS
A, bbbz TDP43 A3~ 4 7 1 RNA K446 Dro-
sha BEAMRICAL EFNDH I EY9(CEH L, TDPA3 A~ 7 1
RNA ERICR-IHEE, ZORENALSHEICED L)
WCHAG L TCWEOrHLPITHZEZHIEL TV S,

2 : TDP-43 & Drosha &1 & DESHER

X Lolc, TDP-43 %% Drosha H&KIZ AL e d H
MRS B72%, 5t4E TDP43 M5+ ® N K2 Flag ¥
TEREELENZ ¥ —%2EK L, Zh% HEK293T Mifatkic
BATHZEIZLY, Flag-TDP-43 D% S BBk % 1 37
L7:(Fig. 1). ZoMifatks KEX %, 0% 0m L C&
FUE 23, $TFlag ik b bW ThEibEiz B 22w,
TDP43 % 5 LHENEHEEGAR L BN L 7. ZOEEHK
2LBEVTYITAY 7 ay MEN LR, Flag-TDP43
1, PIFEYE TDP-43 % FUS % £12h A, Drosha, DGCRS, p68
7% & Drosha BAMER N T L AL TVE I LW 5L
72 o 72, I, Flag-Drosha Z2 @ S8 BBk 2> & 4l L 72 Dro-

sha BHEMKE RN L7- & 2 5, Flag-Drosha %%, DGCRS, FUS,
p68 % LT, TDPA3 LFEELTWAH I LaAhED, W)
2 TDP-43 & Drosha & DfEZW S HIZTH Z EHFT
7> (Fig.2).

&KIZ, TDP-43 & Drosha #& 4D RNA AEICH G LT
WBDMPED P EMEN T B 728, FlagDrosha # & 1k %
RNase JLFR L, TDP-43 H3TedE T 22> &9 ST L7z, 20
R, —HRNA AL THEL TS 00, REFGid&EH
B LOEBEREGEEZ SN 20700, B EC0E
DRAL Y RBHHETH 5.

3:TDP-43 & UHlEIE N5~ 47 0RNAZ

WIZ, TDP43 % RNAiEIC X - T/ v 7 ¥ v L, 5BlE
WCEBOREDSNETA 27T RNA 234 707 LA M
WCEYW 22 ) == 7 L7z 3FEEOMIEM (Neuro2a, SH-
SY5Y, HeLa) TEL72& 2 A, TXTOMEMKICIEL T
10 HHREED Y A 7 1 RNA OFBBPSAZIET LTV .
IH S OfERIZER RT-PCRETH HBL N/

FED< A 71 RNA OFBURT A, 5 LX)V TORY
HIEDITER T % 0%, EEH LNV TOEB R B IE R
FTHDOPHSPIT B7207, Zhb~< A 71 RNA OARR
LB~ A 2 0 RNA (primiRNA) BZER L. 20
W, B~ 4 7 0 RNA Bi2id & QBB AR LD S5NT,
BB OAEBRIFE T RN EE 2 Shiz. Zokd, B
Drosha A& RHIZ TDP43 3% 26 L RWHAT, Lo
FEAE RN EE S 5 DR CTH 5.
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<A 71 RNA &, FAERDCHMBIZE > TREBINSY — >
M Eend. 0D, EBH—2—0 VRN TEFICEDD
TEER~A 70 RNAMFEL, ZOFHGEIS, TDP43
PEPLRET LI LICL > TREZET H 2 A, ALS
WMBICRCEE L2 iEEddH 5. 410l TDP43 %/ v
7T T HIETHBEERMET L7234 28 RNA O—D
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Y Fa) [z, Wit OS¥ Fb) diid AL,
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Fig. 2 ~A4 70 RNAAEHAH =X 4.
it~ 4 2 1 RNA (pri-miRNA) P55 SN b &, Drosha AR L - T5 AN S, AikK
1K (pre-miRNA) & 7 %. nilRfki%, Exportin-5 (Exp-5)/RanGTP (Ran) #AMKIZ L > TE 2 S
FRE A Lk S, WV— TfE% Dicer/TRBP HARIC L > TYWIShbr 2 &icky), 4701
RNA A ENS. =4 70 RNA IZZDH%E A & % - T RNA-induced silencing complex (RISC)
ANEMYAEN, BEME RS mRNANK AT 5. Drosha A #121%, DGCRS8 X p68 12l .,
TDP-43 % FUS 2 &35 Fh, WED~A 70 RNA OYKZHBELTWEEEZS5N5.

X, RSB RBLTB Y, ¥ F T ARBICEE R H %
BELTWBIEDPMONTVS. 58I, 2D LX) vl
T RNA 2%, TDP-43 2 & % #ill##l & - L Tl o B R4
IR THEAEZRHL T PETH 5.

X ®

1) Neumann M, Sampathu DM, Kwong LK, et al. Ubiquiti-
nated TDP-43 in frontotemporal lobar degeneration and
amyotrophic lateral sclerosis. Science 2006;314:130-133.

2) Sreedharan J, Blair IP, Tripathi VB, et al. TDP-43 muta-
tions in familial and sporadic amyotrophic lateral sclero-
sis. Science 2008;319:1668-1672.

3) Benajiba L, Le Ber I, Camuzat A, et al. TARDBP muta-

tions in motoneuron disease with frontotemporal lobar
degeneration. Ann Neurol 2009;65:470-473.

Avyala YM, Misteli T, Baralle FE. TDP-43 regulates reti-
noblastoma protein phosphorylation through the repres-
sion of cyclin-dependent kinase 6 expression. Proc Natl
Acad Sci U S A 2008;105:3785-3789.

Gregory RI, Yan KP, Amuthan G, et al. The Microproces-
sor complex mediates the genesis of microRNAs. Nature
2004;432:235-240.

Fukuda T, Yamagata K, Fujiyama S, et al. DEAD-box
RNA helicase subunits of the Drosha complex are re-

quired for processing of rRNA and a subset of microR-



<4 7 1 RNA IS4 B LeHERE MR UEOWERN~07 7o —F 50 : 981

NAs. Nat Cell Biol 2007;9:604-611. 2010;61:308-314.
7) AT, microRNA R BLO RS B M BEHE. £ fk Bt o7

Abstract
Implications of microRNA dysfunction in the pathogenesis of ALS

Yukio Kawahara, M.D., Ph.D.
Laboratory of RNA Function, Graduate School of Medicine, Osaka University

Recent studies have identified mutations in the genes encoding TDP-43 and FUS/TLS in patients with
amyotrophic lateral sclerosis (ALS). Both TDP-43 and FUS/TLS display all the characteristics of a heterogeneous
nuclear ribonucleoprotein, which regulates various aspects of RNA processing. In addition, TDP-43 is partly
cleared from the nuclei of neurons containing cytoplasmic aggregates, suggesting loss of normal TDP-43 function
in the nucleus, leading to defects or alterations in RNA metabolism, plays, at least in part, a causative role in the
pathogenesis of ALS.

TDP-43 has been reported to be involved in the Drosha complex required for the biogenesis of microRNAs.
The high expression level of microRNAs and the exclusive expression of certain microRNAs in the central nerv-
ous system highlights their biological importance at all stages of neural development as well as in differentiated
neurons. In addition, the altered expression of certain microRNAs has been implicated in the pathogenesis of
neurodegenerative diseases. Therefore, elucidation of the role of TDP-43 in microRNA biogenesis as a component
of the Drosha complex is indispensable to understanding pathophysiology of ALS. In addition, the identification of
TDP-43-regulated microRNAs associated with motor neuron death is expected to further contribute to the devel-
opment of novel therapeutic strategies for ALS treatment.

(Clin Neurol 2010;50:979-981)
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