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Providing plausible strategies for brain aging protection should be a critical concern for countries with large elderly
populations including Japan. Age-related cognitive impairments and movement disorders, such as Alzheimer’s and Par-
kinson’s diseases, are caused by neurodegeneration that primarily initiates in the hippocampus and the midbrain sub-
stantia nigra, respectively. Neurons are postmitotic, and therefore, the accuracy of cellular metabolism should be crucial
for maintaining neural functions throughout their life. Thus accuracy of protein synthesis is a critical concern in discuss-
ing mechanisms of aging. The essence of the so-called ‘‘error catastrophe theory’’ of aging was on the fidelity of
ribosomal translation and/or aminoacylation of tRNA. There is evidence that reduced protein synthesis accuracy results
in neurodegeneration. Similarly, reduced proteostasis via autophagy and proteasomes in aging is crucial for protein
quality control and well documented as a risk for aging. In both neurodegeneration and protein quality controls, various
proteins are involved in their regulation, but recent evidence suggests that repressor element-1 silencing transcription fac-
tor (REST) could be a master regulatory protein that is crucial for orchestrating the neural protecting events in human
brain aging. REST is induced in the aged brain, and protects neurons against oxidative stress and protein toxicity. In-
terestingly, REST is identical with neuron-restrictive silencer factor (NRSF), the master regulator of neural develop-
ment. Thus NRSF/REST play important roles in both neurogenesis and neurodegeneration. In this review, I summarize
the interesting scientific crossover, and discuss the potential use of NRSF/REST as a pharmaceutical target for controll-
ing aging, particularly in relation to brain aging.
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Fig. 1. Quality Control Systems in the Protein Lifecycle
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From the early synthetic stage at aminoacylation and/or on ribosomes to the later degradation stage operated by proteasomes and/or autophagy, error-check-
ing quality control processes are continually functioning throughout the protein lifecycle. Error-checking processes are arbitrarily divided into four stages, and vari-
ous chemical modifications and outcomes are indicated in and around each stage. Alterations of quality and/or accuracy of all the error-checking machineries would

affect brain aging and neurodegenerations.
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Table 1. Mutations Associated with Impairment of Translational Fidelity and Neurological Disease
Gene Protein Mutations identified Observed/predicted effect on fidelity Clinical phenotype
AARS | Cytoplasmic alanyl |Compound het: missense/ |Frameshift mutation increased mis- | Progressive microcephaly,
tRNA synthetase frameshift charging of tRNAAR with serine hypomyelination, and epilepsy
EEFI1A2 |Eukaryotic elonga- | Multiple de novo missense | One patient mutation increased sup- | Epilepsy, intellectual disability,
tion factor 1 alpha 2 | mutations pression of frameshift and nonsense | Rett-syndrome-like phenotype,
mutations and autistic behavior
EEF2 Eukaryotic elonga- |Heterozygous missense Patient mutation increased-1 Spinocerebellar ataxia 26
tion factor 2 frameshifting
DPHI |Diphthamide biosyn- | Homozygous missense Loss of diphthamide in eEF2 Intellectual disability, develop-
thesis 1 increases-1 frameshifting mental delay, and brain malfor-
mations
RPS23 |Ribosomal protein | De novo missense muta- Patient mutation increased-1 frame- | Microcephaly, hearing loss, and
uS12 tions shifting, missense suppression, and |dysmorphic features
nonsense suppression
RPL10 |Ribosomal protein | Multiple missense muta- | Unknown X-linked intellectual disability,
ul.16 tions microcephaly, and autistic
behavior
KAE1 |Kinase associated Homozygous missense Loss of t°A modification in tRNA, |Global developmental delay,
endopeptidase 1 mutation altered cognate codon occupancy, |microcephaly, and renal
and increased translation initiation |problems
at upstream non-AUG codons
PUS3 Pseudouridylate syn- | Homozygous nonsense Loss of Pus3 decreased + 1 frame- | Intellectual disability
thase 3 mutation shifting and reduced readthrough of
stop codons by natural nonsense
suppressor tRNAs
ELPI-4 |Elongator acetyl- A variety of different muta- | Loss of Elongator-catalyzed tRNA | Familial dysautonomia, intellec-
transferase complex |tions including missense U34 modification leads to slower tual disability, Rolandic epilepsy,
subunits 1-4 and splice site mutations |decoding of cognate codons amyotrophic lateral sclerosis

Gene mutations in aminoacyl tRNA synthetase, ribosomal proteins, elongation factors, and various modifiers affect translational fidelity, resulting in critical
neurological phenotypes. Data taken and modified from Kapur and Ackerman.2®
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Table 2. REST Gene Expression Changes in Various Neurological Diseases and Conditions

Context REST Target gene expression Source
Alzheimer’s Disease Rest|  Bcl2, Sodl, Foxol | PFC neuronal nuclei Mouse
Alzheimer’s Disease Rest| N/A Neuron-derived extracellular

vesicles Human
Parkinson’s Disease REST| N/A Dopaminergic neurons Human
Huntington’s Disease REST 1 Bdnf | Cerebral cortex Human
Prion Diseases REST 1t FOXOIl, cytochrome ¢, Caspase 3 1 Primary cortical neurons Rat
Global ischemia REST? CK | Hippocampal CA1 neurons Rat
Global ischemia REST 1 GluR2 | Hippocampal CA1 neurons Rat
Ischemic stroke REST 1 Gria2, Grinl, Chrb2, Nefh, Trpvl, Chrm4, Syt6, GluA2, Hippocampal CAl neurons Rat

GIuN1, GIuN2B |
Hyperthermia-induced epilepsy REST T Hecnl |

Kainic acid-induced epilepsy REST 1 Calbl, Glra2, Grin2a, Henl, Kene2, KIf9, Lrpll,

Myo5b, Stmn2 |

Hippocampal neurons Rat
Hippocampus Rat

Chronic social defeat Rest? GIuN2B | Dentate granule cells Mouse
Chronic traumatic stress Rest? CCR51 Prefrontal cortex Rat
Augmented maternal care Rest? Crhl Neuronal Rat
Augmented maternal care Rest?  Crh, vGlut2 | Hypothalamic PVN Rat
Maternal separation Rest4? Glur2, Nr1, Chr, CamKIle, L1, Adcy5, SHtrla, Kencl 7 mPFC Rat

Navl |

Overview of REST expression levels and its downstream transcriptional role in modulating gene expression following different forms of cellular, neuropatho-
logical, psychological, and physical stresses in different regions of the human and rodent brain. PFC: pre-frontal cortex; PVN: para-ventricular nucleus. Data

taken and modified from Mampay and Sheridan.3®
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REST (3D X DT U THIEREITHAEL T D
DEEDNS.

DT IVYNA I —FFIZHBIT S Yankner 31T

FFENT, EBEOE METOFT—4 HHIED T
%, NERERFZORBEIR D7 IV —T1F, N—F>
Y IR DN & R IR EE O i F i & T REST #1
HEEHNWTHHREBEEDO R—N2>Z22—02TO
REST B 2 EBES AR/ 9 Z0fERDN > T
T EIF, FTRELRERENT, PREED
R—/)N2 > =2 —0O>OKIC REST OFEMNAD
5N5. UL, N—F2V 2 HEPL E—/MREID
ZUHE (dementia with Lewy bodies; DLB) D&
DORTIE, #EEETO REST FBENEIIL T\ 5.
REST I3& L A M@ EF DL E—/MKk (LB) 1Tl
NENTLES> TVBEDARFERE 52, BREN
ZEIT, ZOHMOR—)NI > Za—a>TH—h
7 7 P —HEREZ MEH U 72~ 7 X T REST 3l &2 &
THDE, WBHEDT T AT REST (3# &
DL NNV ERERICERL TW, Tkbb,
BB 25 >N EEREROQUE T O 2D
T RESTIZRALNDETHEEL TNWH DA
57/, )N—F >V %< DLB TiZ REST 13 LB I
k7w 7 EINTARDMINEEL N T OB AR T HlH O
HEERETERVWTVWS LD ITEDN .

9. NFL b ERRICHKTD REST

INTF b 8BS (Huntington’s disease; HD)
IZB1FS REST OALIZDONWTIZA YU T DI T
/ @ Cattaneo D7 )L — T DWFEIT L B E T ANK
N, 0 5 15 ELL EBRETIC/R DA, HD T
EINDHMEAKR (E R TRERE) Oo=Za—DO2ic
DWNWTHIZ REST OERTFIHEEY >N E DM
JINTDJRIEITDNTHREH L. T ORER, SR
D= 21—0 T3 REST | HD OFK#E =T &7
5)\N>F >F > (Huntingting; Htt) ICEBHESL T
HlEIC®E £ 505, HD O AL Hit ® N K R A
A DWCRUTNE I, WhbYSRY Q D AN
HoT, TORY Q EHDOAEM Hit (polyQ-Htt)
\& REST ND#iEHEZ SV, REST OFF DT
7 F I K - THEFEEE N A o T REST A3 D #fif%
BRTHOEENH NI 5 <. Htt X BDNF /&
EOMBERNEBELRTORNEEZFETL I LD
Mo TV, IR LR T OSSR T &
L Tid7=5 < REST ODHREZ N AV §5Z L& TH
HINDZENHS NI D 72,59 HD i & o BREE
D & TIE R KL N T BDNF &5 TS H £ <
@D REST ¥ —%7 v MR TOZ7OXF ViEETD
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REST O FIEARINEIE A2 > T s Z & A
L7z.5V

REST OFBIIRIRKICE ST, KIKFHRETH
BHETHNMNETHLHFICEDSNS., Lrd
Za—O0>THZYT7THRESTIHEHL TW
5. LML, Za—0> Ti3@EsE, Mgt 7
A hOYA ReEDZ YUY TIEENIZH D, HD H
FOMNTIEZ 22— 0 > OFIIE T OB [
IZdH o N, REOREE & REST EHAL & DXt
IGEERIEN 2 5T L HHHME TIZ B h > /2. 52

ST, VTILINAR—I{ON—F 2V 2IH TR
REST L X)VIZ FA% DI, HD Ti3% S Tl
W, ESLTEDEWVWNTZONIHS M TIE AN
DIEN, 1 DEBRENENH D, T IV NA I —IK
PN—F 2V R TIFAEE o —n 2 EEFEIN
D7EH, HD TREMEIE 2 —o > PNEEI N
5. $BE TIIHRENLEO RIS EO R RO £ 22
# M — 2 —10 > (medial spiny neuron; MSN) T,
Z #1113 y-aminobutyric acid (GABA) 14 o #1I il 14
Za—OrThs —F, mETREHEOIV IV 2
CEEEE, HDWIIHINEE D R—/N2 AESE
DNWTNHEENE 2 —O>ThHD. BWEED
GABA £ MSN &, AWM, SElo—12—no
NIBEEETOBICHHIEICENT S, ZOFER
R TOHEEMNSHIHIENDZA v F 27123 AY
U L= 054 ROEEREA (KCC2) OHEMNA
FLIRDDEN, FNEFHEET S ON REST Ot
W TH 5.5 Z DRI Z FTEE & 2 DI MFER:
HBW AT 54 > AT Ser/Arg repetitive
matrix (SRRM) 3 & SRRM4 TH 5 Z ENEIED
Mo TS Y hEHOBER 2 —oizanm
& % & REST OMREMIR R IR AT T4 > 27
&> T (BZFHLKIERESTA DL D7) AT 51
SUNUT RNFEBT S Z & T KCC2 3%
XN, GABA Z— 1 —0O 2 EEMN S MEIMEIC
TJRTB., ZDLSIT, RESTWHh#EHO=2—0
> CHBEMED S MHEIEADO KR S 2 E OIS
LTWBZENDOMNSZDEMN, —HTEHLHD
Za—02TIRED D OHEREMEDIREEN 5 A MHETIC
BITdT5H0TE/= RESTICX D EETHREL
N—hU—DRERBEENEEINTNS, DX
DI EM, BB LIS ICEEITBIT 5 HRA
B TO REST OFEINSHRINS.

10. &HYIC

LA O CRIE & e B AR E, T
YN R —IF, IN—F > 29K, HD OWThich
WTHHEE R ¥ REST 13 IEH ICHEE A HIHIKN 7 &
BROTWAHIEDNHENER>TETWS, 2K
IIRKDIREETIE /2 <, TL5DDDELDIER
IZBWTH REST OFEHIZBBELZE 70 mA &5
L CRBICZDORENZZEZ DI EbDbh> TE .
ZTOEMRTIIEERIEICEE RO TR, 1L
AIOEILZDHDDOHEIHHODIHDEZ A D, ik
HOEE THIN<IIEFERTERMN>70, REST ©
BT ZENEOMRAEMEREEZT TR <, Table 2
WCREXDIZ, i, WzEd, TAha, fhatEX
ML RABEDRTIZBNTHRI > TS, F£/-,
IS OMHRREBEL TS, #REEERICBN TS
Z @ REST/NRSF OfilfHl2id % Z &b bHhr> T
5. GBI SIMOEFIBIHSNIT/RDDIZA DD,
REST/NRSF 73348165 N Tk D Mo 54
FIENEAND Ta <, BURREZ AN T B R RE D
I CRTHREEZELC TWS Z 3NN
W,

MAZEIZ BT 5 p53 , HEHERICHB T 5
filtE THIR DO X D12, BILKFIEICB N TIZZ D
REST Z /5P Tdh 5. %X, REST &b
REGETDOREN, TUIZa—0>DT ) LD
MG RHEZ T L TEITSNTWS., 7T/ LAY —
Ty M E D S TRBEIC RS, E B ok
S E R HIS %S NRSF 0% —4 v Mik
NF ) ATHY IR ) ATHIFITERITHAIN
7=, ZBEMOIKTO REST ¥ —47 v kD&M
FEERITERIENHS N o 20T TR NS,
ZUIBORFHIDOMETH A 2.

&=y NOEEICMAT, X0 EELEEITS
MO 2 —0 > TRBEFEIN TS REST 1
EEMIEOMNY T > NaDh, TINEEERS
NTWiaWw, RESTIIAT 5127 DiEVIZES
TEHBONI T > hEEKT S, 5% K <EmiZd
MDD CRKEZRFE L RESTANY 7 > NaD7z
n, FRUMAICH CRMAZTZEZREBEL TNWS
REST-CNUTY > hdHDT ENDON> TETY
5. ZALITHREREICE < REST Tz E
DONUT > RaDine EFNZEHDZENPRETDH
5. ZTDLET, MRERNBRAT T4 THRTT
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& % Npas4 > Srrm4 72 ENELD E D BERE Tl %
ZOMTICRESTONY 7 > NEBIZFFKTHD
Mm? TNEREDLIENEEERAD.

&I, EALHIE OH R S I UL G B O REN
TO REST B 2k L 7=, 25 Ul EiK
DIRENA[EEE T2 5. REST O —4 v M3£Ikic
D=5, TR TORENI#EY) TR, REST
DY N BERARETR D, Rest mRNA QL5
IR0, BRADIEEE ) — RTE 2 EAIBFEN
i ns. BAHEOB SS9 HUL REST O
FHEANIFE D NEHDTIRRNDED, RIEMFHES
7= REST EMEAEA T 254K 7O mSin3 &
DiEET A b OHELMEEY mS-11 /Y REST O ffj &
WA D T ETERRINES HIAEMR O 2 T8 %
YET D EIIREEIREN, 7 5% Z(LIKT
@ NRSF/REST NU 7 > N OFEENFEIHI N, £
DB R T 2720, ez dfdT 220, 20
ZALI OGN T ORBICHEE 5 2 2 HF DOR%E
NI N5,

MR AR NSRRI,
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