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Abstract: Protein translation is a vital process by which cells synthesize proteins that maintain a
wide range of critical cellular activities. Defects in protein translation has been reported to be
associated with various diseases. Huntington's disease (HD) is an autosomal dominant monogenic
neurodegenerative disease, which is caused by the mutant Huntingtin gene (H77). The mutant HTT
gene contains an expanded (CAQG), repeat tract in its exon 1, encoding the mutant Huntingtin protein
(mHTT), which possesses an expanded polyglutamine (polyQ) stretch and becomes toxic, leading
to neurodegeneration in specific brain regions, mainly the striatum. Meanwhile, the mechanism

underlying the neurodegeneration in HD remains unclear. In this study, we investigated the potential
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defects of protein translation in HD cells. In the immortalized striatal neuronal precursor cells
STHdh, we discovered that global protein translation rate was dramatically reduced whereas the
translation fidelity was moderately reduced in HD cells compared to wild-type controls. Further
mechanistic experiments revealed that the translation defects were at least partly due to the
translation initiation deficiency, which was possibly caused by a lower expression of eukaryotic
initiation factor elF4E in HD cells. Importantly, expression of elF4E in HD cells rescued their
apoptosis induced by cellular stress, suggesting that the protein translation defects may contribute
to the pathogenesis in HD. Our study provides novel insights into HD mechanisms and potential
entry points for therapeutic intervention.

Keywords:  Huntington’s disease; protein synthesis; translation initiation; elF4E; mutant

Huntingtin; polyQ
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TR CEBIRIL [2]. ZRIEES, BHEEFREER HD Fs 5 E, R4 T 1993
R E Z AT AN S e ek 1 SR (HTT) RS, HTT — 54 eF
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D]t 5 B0 S [3 ]

HD I AR 32 RN BEFEREA B EB1E (MR IINIE Z)RE B Wi ). kG #f i Al
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AT T B 90 305 S 005 4 i v 3 = ST B 1 ) AR A s A 3 A M b il v R4
BV 5 A = SR A 1A 3 9 AR i v BB T80 & R AE N S AN LA B 20 M AR o F 2 A%
YA O R R R 4R R (Huntingtin aggregates) AEf8IZ HALRIE B S MM E AR, e
BEA, EAMAED, EWTE0EAMEFET4,5,6]. iR T EE A (soluble
mHit protein) 7E4H 5T A1 R] LAt FAth 25 15 R 2R A AR s BRI AR FLAE A o R PR RS
WY, TS T AW RS 4 T U B SRS K, T R R R AR FEAR G, IF HAUSFE K
RSO RERERS 2 R, TR E B S HD (RREE P T A4 B SE T AR K7, 8, 9]

BeAh, AR T AR AR A ElCH T Bt T AR R A R — R BRI 43 1 R AR T R
XN T B R IZ R PR A 22 TG S ) 32 TR D5 o 3K IR LA A A, D B B R
R SRS S IRIE, WG R ARG 8 ML RAH 3 MR TES, EAS MR,
Ay S e g 5 PR G AT R B AR . IX eI AR R — AR T AR HD PR s & T e T,
L[] o 1 /2 B 32 3 P 763 77 4 R 3]

1E_FREERMLEI S & 2 4h, B AR FEHLEE (protein translation machinery) 7 41 g ) 4=
A B s A . B BRI PR (translation fidelity ), #3124 (translation
efficiency), &5 M# (protein synthesis and turnover) [ P47, XSl FE 1) 2 T #6 AT ek
JRIR ERVE 1100 (RIS, 22 Ffeims v g i 70 & B 41 I BH 1915 35 S 1R R R A S B s 55
BN, HRFZREAE (RTT) & H MECP2 MSAE SIS, IEEM SR, 75 AR T4
B, MECP2 fE#H 28 7o ke 2 R ol A I E ], MECP2 Sk Z %Iy AKT / mTOR i@ %
TR B R, RO MR TR SRR, IR AR B T A R D, T AR A
K730 AKT / mTOR 15 5 B0 /> PTEN ik (€3 8 H 0 & B0 R o8 B 42 0
R LAY [10].
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E U A I e AT AN A AR PR B A RNA Bk DA R A ThBE A BT 0112, 13, 14],
HFEA R B BRI E . BHRR ORI B A S AT R R 2 (. Ik, BATE R A H
TE R 0 B PRI — 7 ) 0] 5 S s A e F PR 2R, DA 3 5 97 1 B AL 1 RV 97 SRS

AU T EEMHL G &, AR RE M K, N IE%S T (stop codon read-
through) BT, F 7 H R EIL (Methionine misacylation), & 3= L 8175 41 ig
B PR R LA FTRRAR, SOl TR ORI SRR IR R, 61T 4 3 O3 5 I s 2 1
FHERA L, DL ER A B B AR A S R B

2 WFREER
2.1 T EWUR A AT ARG 2% 1 RS @ R AP e
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FKAEAL N R BCIR AR P 2 BT iR 4l i &2 STHARY'Y, STHAWY ™ | STHAR M, i #k
Q7/7,Q7/111, QI11/111, ZL MM FIEWEFIFAEMMAAL, NI AR, B B R4l
SR . SREL psi-Check2 R4 =ANEAMLRIEH A, FRN p-TGA, p-TTT, p-WT, 735187 X
RAZ, RIGFTAE, EFHH, FHRET 96 FLII =F RECRIEMAE AT AR R . F Promega
Dual-luciferase Kit (ANA i H] Dual-Glo Kit, #5515 5 S MM SEI0AE 5 ) X 4 HEAT SO FH
P b R AR IA B HATIE . 15 Firefly 2% 6 & M i 5 Renilla G RKEGE M LU, REH
e p-WT Al p-TTT 2 5I1ER 100%F1 0%H—1t p-TGA M5 51E, HIERIGHARF %
1IR3 T UGA FIMIR A IR EE % . 10 1 M Ataluren 7] DU B g i =0, g 1,

A B
Renilla-Luc Firefly-Luc 0.0028
Positive ek
pwT: | H > ——Control 1% £ 0.0026- o
£ %
S Readthrough 3 000247 %
. ° ns
pTGA:| I % > % ~ Measuring % 0.0022-
Negative S 0.0020] -
pTT: | I % Co?nrol 0% g
§ 0.0018+
. Mouse strlatyal cells lines ) 0.0016 ' r . .
Q > N o
J ] ) A '\\\'\ \\\N \o@
~O (©) o) [ NN @
/ / / ° \a
/ . §
/ N
. HD: Q7/111 Q
WT: Q717 he(eronygous) H?hoggzlgilgﬂ d\

B1 &IEHET UGA HISHER @R E
Ar BIRRSE M ORI — 2R3 B I E R R B . ISR R R Zh AR, AL EAMT. p-
TGA TERBEAL FURAR 28 B3R, A AE 28 1B S R BEOE N 7 A2 58 R G BRBEME 5o = bl & JURL 23 AR
N 100%, SEHAH, F10%, LI — iR T USRI RI R AR . B: =AM AT A4 R UGA %
HOBRMGIE, HhR AL, R EAEYEES. 10 1 M Ataluren 7] LI E S (pre-
mature) Z% (EETDF @2, YR IE

AR NN, BoNEYFES . TUED, EASEFEREAE (Q111/111) Lt
T UGA MH R B A B E 1 BT, RIZII R A2 A o8 1 R s . ARAE i
WEAC, ARSI AAE T EAZAI mRNA BIREM0R18, FEAEREZ L3R FiEn@ R LA,
T, ATV W ST A R B R

2.2 FEGURAN S ED G REENE

T A RIARTBOH PR SR8 75 AR e B BB AR SR A S, BRATH R IR R KB4 L-AHA
B 35 TR A ) L B BRI, DAL SR IC 45 78 I 18] T & R IRBE A0 H . 72
ARV ) S SO AR R s, AR ER O, R RO, R L-AHA AT AR
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i, MK, BB HPR 458G 506. AWK 2 FRZEIRTLLE H, 0-9 /NI Py BFAE 7R BRp 22 il
AR (Q7/7) W¥T & M R R B 2 HOKIE & T M 22 iR il (Q7/111,

QII1/111),

(o) o}
,S\/\v)( Q77 Q7/111 Q111/111
HaC OH
= Ns i Oh 3h 6h 9h Oh 3h 6h 9h Oh 3h 6h Sh
NH, NH, . "
L-methionine L-azidohomoalanine (AHA) =
2
o]
H
S " O
o -’ NH
AHA-cc)lngannlng — S H
proteins
Biotin-alkyne

:\J % N0
tagged proteins
B 2. AR AfRiL L
A. L-AHA B#FricH o iErE . HERIKRIY L-AHA BUR RS 723 55 1 L-Met, Fil
s A E RPN, AR, A L-AHA 3BTRS, Bk, ®E, HPR &465K% B. =

PR AL A AE 0-9 /NI AR 4R B AL A IR O, T DL AR R ol B R 2 R T O T A

2.3 % mRNA L0 e & A # R

N T HE L-AHA SRICSER A B8 A s 2 22 5702 75 KR H mRNA #7333
B, il 3 fratis, BAEAASE mRNA Bl &, &7 e A 9O6 R BE mRNA,
RGN RN, AR [A] O AT SLREAT R NRE, AR DO R B IR,

A % DNA E17H—1b (picogreen ¥riE ), 22l #HZE .

Transfect reagent
In vitro A Z% /
transcription% 2 ~

Renilla Luciferase Capped luciferase mRNA
expression vecter DNA with polyA tail

Renilla luciferase
protein

7
Z | f
Q\_ ~ Translation
Fprocessing
\

Different time points
(3n, ah, 5h, 6h, 7h After transfection)

Luciferase activity

measured

B 3. RIGREEIRE mRNA B4kl e 4 fad R R on R A
MEEZBALTTUER], RGN T7 B8 7 R FTROA B, SN & ik & mRNA, 1ipo2000 #4555

mRNA F 34, WEARFPTIL, EEREARNE S0-FAT LA AT 2%, WEFOCRIEES, H
I A5 380 200 o AR B 1 110 3 R
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SR E 4, fEH G mRNA J5— BRI, BPA ARG (Q7/7) AHEL HD S BL4m e,
XPAMEAR T mRNA $ RS B AR R R B RN = EOREE S, BT IRA
FIAEEOY NN CHX FHIE . ik, FRATRT LIS 2] HD # 2 BRSCIR AR 48 BT PR 41 i x
mRNA 7 ) 32 18 ) 7 B A 7Y 0 i A 4548

100000~
- Q7/7

5 80000~ -= Q7111
2 == Q111/111
@ 60000 == Q7/7+CHX (NC)
©
% 40000- wakk n=3
3 20000+

0+ T aa ¥ ae ¥ aa 1

0 2 4 6 8

time/hr(s)

B 4. FHARE mRNA J5 0-7 /N 3 = MR T 40 L R 1R 5 B H KA R 2%
ROt Z M mRNA J5 3h-7h [B] 5O R R A KPR E . ROV =DM EORMEE R, BITEXIRA R

KEFEFTINN CHX BELWTRN IR S0 TH 07 P S 5 2R 4 0 P A4 oy 24 1 B 26 7R 4 0 A b 222 S AR

w

2.4 REZ(CAG)n ERFFFIRIA Xt & A BRI

FEWIH HD B RUA0 D mRNA #HE12 T 2 A AL, JFRIEV R E B & BmiE 5, JAT%
TORIE] T I 55 A Htt FED AOAFAE LR A, I 78 2842 Hitt D AR — T 3 ™ M g
KAEIX A

K 5, AR R SCIR A 2 AT A4 I oo ek SR8 Hitt o 1 sl B 98 A2 BUAE K 2 73 R I
W, HREMEANNE A O BRG0P ) R AZ Hitt ARG polyQ,
RE (0 T A L o A R P P [ T R IRA T T AAS B 18, T RAR 1 22 18 It e

(polyQ) £ I RE % 3 BUHAT A0 b 22 iy e 200 PR AE 20 g 9% 3 P2 D 12
A B
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cDNA_Neg + o+ o+ - -
SiRNA_mHtt B .

SRNA(CAG) - - - - - - e D0 '- '- '- SIRNANeg. D
cgm_po:yg_zlg A A A SiRNA_(CAG)n L R R S S S
cl _poly - - - - cDNA_mHttQ100

Q7/7 Oh 3h 6h Oh 3h 6h Oh 3h 6h Oh 3h 6h Oh 3h 6h Oh 3h 6h eh Oh 3h 6h 6h Oh 3h 6h 6h

Q71111

—sl '_lﬁ lll

B 5. RAMZLET A RRKEid RiE Hit BEHE polyQ EEX&RELMENE M

SHYE R AT I R B FAR AL 3, 48h J5 AT A-LHA FRICSEH . ZEARENE A (Oh, 3h, 6h) WCHAH
Ja, EdAME NN, B AR, REST L-AHA #HThRE, Ik, #EE, HPR E&5 5Kk ).

W2 A anti-Tubuline. (S5 i 52 8 5¢ D

2.5 ZAXFEEERE R H B R AR B RER A

FEWIRA 7 RAZ Hit B2 5 40 s A IR i B R VE 2 5, AT — 20 L 2 e i i)
i, RAHtEE, SFE KR polyQ FH, FFIHIL M mRNA BN EE
(translation machinery) (BN, Jli8 1 e 8 OB E.

N TR E A WRERAR R, BRATE ST B T B A R A M1 A0 B Y 2 R R A 1
% (polysome profiling), B[R £ g rv IE £ H 13 FROAZ M 4% [ 72 7E 0 B2 A mRNA |, SR 5 il
SR, T RERE RS B2 B ARG REE SR IURE N E , bz A A& (8 6). TTLLE
BRI (Q7/7) MHBIRRMME (Q7/111), LK (polysome) FEH, 52
XL, 0 B A BB AR (monosome) FIAZKEAR T (subunits) KPR X —45
SAB 1) 705 1L 4T L 1 3 9 S 4 ) B T RE AT AE R RS AN R
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Absorbance
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B 6. T A RN A5 B 40 1 2 A% B A4
AR SR REREER R (15%-45%) STEIH R A REACIR S RGP T T R AF, WEEA NI
mRNA, ZHEARIEIE, FAZPERF 2R, AN RIE RNA WERIWIEE (254nm T). Xt Q7/7

Q7/111 4 HEAT T A E % bh o (SZI6 Hh i 32 5 52 )

AT S E AT B0 R AOIR A A R, FROEREIRI T U A M 1 3 G e
(transmission electronic microscope) M/ (B A KER), LUHIA M A FEESH, W
SN AP AL AT F E R REE TR, R T UG S50 . BT AR B 2 s 2L A0 5 A R 41
AR AR E R R R, R A RN SR A R TR A AR (R AR A AR L
a5 B A o 2 L

2.6 FEGURLME RNA ZEZ NP FEEEH A RNA i

T 22 K20 A | R 3 A P 5 P 389 A SRR A P A W A Rt A e E B RS ) W] e, (H
BT SCRRTE At polyQ 4H ALY Fh R B rRNA H 3% 55, HAZME PR AN By (1) BB A S A2
ST AHG K P 9 19 1ok 52 2 S 1) B BB AE W R AL, DRI 3R T A A A B B ) = A A P ) A
RNA i LR B fk, R =FPZi i 28S &5 18S rRNA /K& W22 5 £ F kIRt
17 TAMRAZ > B, ARG 3 HEAT RNA flid2, KB =Fh 0 i je ot rRNA =F i U] %

o CHE 7)
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A B

Total RNA Q7/7 Q7111 Q111111 e UL S S Qg

' 28
e T e
5s
B 7. 5 RNA #iRFEIKER A KA RNA 4B )5 Ik R
A SN R B =P 2 AT AR GE B 34T B RNA SR FF 3T B IR B e K S 45 5 B SR4I & 1) =Fhh

SRR AT R SR B, AT AP S RNA SRS BRIk OS5 R . R =R

RGN rRNA Fads =25 LA K H % 5 5 7 A AR AR L AN A2/ W R 22 5, JRATITS
SRAS UL RNA & ORI # Cturnover) JREEHIER . F2BAEFHAE RNA Fridik
g, =Rt 45min (EFARER) R 90min PYHT& B RNA BT 1 9% ehric, Btk
XN Actinomycin D P #s 5% . & 8 RTLLE i, 90min P 955 B 40 Jif B 4% 5%t 1) RNA
FADFEARANM, JEH, TR RNA FELFE A, 7T LUE 500 B 40 i %
=B ETEA R R 2.

2, EERABFEEE AL L, RATC AR TR AR AT

B 8. 4% RNA ~EE

=W 8 Q7/7, Q7/111, Q11/111 £E 90min P25k RNA bRid4h R, 7ili’hy DAPI B 4eth, il Nbs
it b4t (488) WHIEBIRIHAE RNA, MR =X EAMA Actinomycin D JH W75 35 i BH 145t R,

Scale Bar: 10 um. CSZIGHHEFHS 558
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2.7 BRERIGHH SR E T R RIE ML S5 7 0% 4 F R T 5

FERF 90 S BUE AR PR AR ALHI K RN, BRBIF T — RPIhEEIRL, A KA
(restore) #7521 7Kk A A SOIR A4 28 F AR A1 19 25 11 A O JE - 0 DRk B 2 TR 41 i 1) 25
FIEIVERSE, 0 5IWS B BT SR AT R AL BE R T R IR AT R A . AT
HH ) = A TR 400 R 7 R B R AR 2 M LR A MR T BVBR 2340 M IR Ak AR
(¥ 10%FBS, B35 7% FE e A5 MLIHH & & AR A KB 7 (1 Opti-MEM,  BF A R4 (Q7/7)
A LLIEH AR, T EEH AR (Q7/111, QU111 WP R AW T [17]. TATR 4
EAT N2 8 e Y b 3 S 15 ) Caspase-3 56 Y BRI I TR Sh A 40 M iR R 48, v LAAS
YL — B IE] GEH Y 48h) WAL T2k, DAtk gt R4 2 4 i ) .

AT AR B B R, AR SOGB4 =2 i RIEBI ARG
R Fs 29 dh Bl A G IR 7 (K Thie s K> T Wnse & . BDNF {23k & A & Bt G %
PR IET A R A P 2 BRI BE (K  RBE 2. ICEH AR DG IR 253 B 1A DG IR 7 1
Thie: ZaamE R AR O S S 1 HEAT

b b [T 8 8 I BR A, FRIR T = AR AL AR T R R — R L ) eTF2A I A,
RIMANF eIFAE (13 33 5t 5 i i B At A e RO EF o P19, 8 = bt Jo 5
cIFAE, WHFPZI BRI UA U245 53 B3 FRAK, 37 A B i U 45 TP AR ()
FEEHON 6). KIIRT elFAE HFM 78 31200 5 S 45093 40 i mT e A 4 R e

FiAh, FRFIAN IR FE 1) 2 R B R AR R - b SR AL B AR, SRR TN ORI
K.

o QMMMAMNC Q111/111 +Eifde ; Q71111 NC Q7111 +Eifde

Caspase activity upon overexpression of Eif4e
20+

-e- Q7/7 OE Eif4e
-=- Q7/7NC
- Q7/111 OE Eif4e
- Q7/111NC
—— Q111/111 OE Eifde
-~ Q111/111NC : QNG

Caspase-3 signals/cells confluence

Q7/7 +Eifde

1
60

Time (hr)

& 9. TRIX eIF4E X =40 f 25 ML T B 2 ni th 2R B S 40 RS e
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M2k By Q7/7, Q7/111, Q111/111 53¢ it ik Eifde H7E 2 MIE YL R Caspase-3 12 Sl 4k. Ak

B 7S A i e Rl — B Z s AR R, G986 050 Caspase-3 44 ff, Scale Bar: 200 b m

R T i 5E eIF4E XA 9/E T, FRA siRNA R T 4 eIF4E,

SIRNA ,f_g A%\ ﬁl] F :

sense (5'-3")

antisense (5'-3")

elF4E-si

GAGCGGCUCCACCACUAAAJATAT

UUUAGUGGUGGAGCCGCUCATAT

KIL siRNA ¥4 5 24-72h BT EME YR C LR TE S IRES, =MARBE T /K5
A, HEAR Q7/7 W TI/AK EAHIEER K, &I T Q7/111 K F. K 10, XHHE
A NC siRNA, BHPEXT A Vi % HeymHtt, A=9%EEHCN 4.

A
[}

Q

=

S 15

= -e- Q7/7 elFAE KD
S -=- Q7/111 eIF4E KD
2 104 -~ Q111/111 elF4E KD
L - Q7/7 NC

E —— Q7/111NC

2 5 -e- Q111111 NC

g

[}

®

o 0

§ 0 20 40 60

Time (hr)

B

[}

(%]

c

S 15-

= —e- Q7/7 Hdh KD

9 -=- Q7/111 Hdh KD
2 4 - Q111/111 Hdh KD
% —% Q7/7 NC

E —— Q7/111NC

o 7 -~ Q111111NC

?

[}

Q

% 0+ T T 1

8 0 20 40 60

Time (hr)

Bl 10. R eIF4E B Htt/mHtt %I 40 i 2= ML 1= B 52 i £k B

A: BEe SIRNA RIK eIF4E J5 24h JF4A 25 MiE TR T IR I Caspase-3 $RASHITE T MIZE B, NC 44 st v
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HI NC siRNA  B: 374t siRNA [F]H mi /& Het A1 mHtt J5 24h F46 25 M35 Y1 H FF IR BE Caspase-3 SRS T

fHZE P, NC A% Gt B NC siRNA. 5B ILZH H H9J9 SR R AR AT 25 Mg 78 T s 36 1) A 2tk

3.8 EAZRIKET 4E £ 5 EW0OR A M I REKF

BT 3RATR I eIFAE L5 FATT A = S 45093 7K A A Aok 28 A A 400 1 400 ik A= A7 i 7y S A B2
Bk, TN T @SB AL IR, AT E e M A eIFAE Ik R Bk T
e TRBEATT eIFAE ] qPCR 51 ¥ X = A4 P9I LA K2 siRNA AR5 eIF4E /K-Fit
e . SIE R

Eif4eqpcr69-F tgtgaaaacagagatgcagtca

Eif4eqper69-R gegtgggactgataaccaat
WK 11, o] LR HZ5I LR T, siRNA @K eIF4E FIRCRAE 80% /4. B B Tl 45
WA, BFA RGN A YR eIFAE mRNA /K-35 & T WA BB i (%420 N P E
FERHELANMAREL, =AMHAEESLD,

A

B C
4 .
T 31
K]
~ -}
S 2
N
1 -
0-
Q
S

B 1. =MKAENIHEFTARZERR T eIF4E mRNA XK LR siRNA RIS LK
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A: BN} eIF4E [) qPCR SR bnvE M 2 Fps i 28 B: Q7/7, QIUII/111 2P LA K X B I RAIG eIF4E 48h
FIZH M 34T RT-qPCR IS 3, St 83 C:Q7/7, Q7/111 BLK Q111/111 F-iXi#k4T qPCR ISR, %it

FRE, (REEFEEED

3 ZREW®R
P IRAT T A 7 F 5 M) 2 XA 2 T B A T AR AR VR 7 T BU — 8955, HD 1R it
e B e s N B K P 22 R AT VR 2 —, TENLII SRy Wt 9007 T B AR R 5%, il BA
PR b5 3R A0 35 b5 AW 1 A 2 Y
Rk, BIEKE T HD MR AR B, i K AR SR AL AN 4
ATV AR 3 — s (BRI TR AN B IR = L H o L IE 2 DRk, FRATTHE DAFR 21 B 1E IR
TRITTE . BT FERNT, HTT (R A]REIEL H AT A IR R W 2 i i v i A4 K
B (BDNF) [P A fE5E . RRRThRE . 45155 . SN, RSk . RIEmAH.
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