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[HEE] PNEFEMERBEMAEE (amyotrophic lateral sclerosis, ALS) B—MARENHIEMBMERITIEERR, HER
BESAOZRUHEBEZIEEX. ALSUEHEETREEREANFTE, SBEENRLH. EHEZTRE
Bo ALSHIEEIMEIS REEMARBEEZSHER, HYEERZANEE. BEEANS P S5ALSHXNERE
H, WMEEBEABNEE1HIBERE (Cu/Znsuperoxide dismutase, Cu/Zn SOD1, X¥RSOD1). #FK& K DNA
EEEH43RIBERE (transactive response DNA-binding protein 43, TDP-43). WEMSEHRERE (fused in
sarcoma, FUS). QSHBEFMFIZIE72ERE (chromosome open reading frame 72, C9o0rf72) %, XEERE
HRBERYNFRIEEALS S, BEMAEALS FHEAN. EFAMUPNALSKEER, BiSSHARXEL T ALSE)
IR, MEEREE. ERMARBRERMNBEXESIRARE, XUEREINTBRBREMHETELR. 2
ENERAEREHENRELETEARALS L HAFIERSE, BRXEERDBEFESRME: (1) B—ERRE
BRI SEENIGR EBREALSNERSAFEREIM, (2) Bl EAXERERTHERBNMAERT
NEMBFETEX LFEPRREESR, XU MERRENERSNINZYIRNIFGH. HELEMBAFR ALS FE
MFEFEDBLAPNR L, WENRCALS ERNPEEEBALAXE. REREANEANALS BERT/NEE
B, SISEEREHNREENREIFEST, SEFELEER. ERSRTRA. ERFRURIEZREX
REHAN NI RA/NRERLSE, BEN ERBERNRRS, #—FS e TEEALSHENFMRINAMAL
FREARNARER, A ALSHRRERIGRERSE,
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[ABSTRACT] Amyotrophic lateral sclerosis (ALS) is an irreversible, fatal neurodegenerative disorder
whose incidence is positively correlated with the aging population. ALS is characterized by the progressive
loss of motor neurons, leading to muscle weakness, atrophy, and ultimately respiratory failure. The
pathogenesis of ALS involves multiple factors, including genetic and environmental influences, with
genetic factors playing a particularly significant role. To date, several causative genes have been identified
in ALS, such as the Cu/Zn superoxide dismutase 1 (Cu/Zn SODI, also known as SODI1) gene, transactive
response DNA-binding protein 43 (TDP-43) gene, fused in sarcoma (FUS) gene, and chromosome open
reading frame 72 (C9orf72). Mutations in these genes have been found not only in familial ALS but also in
sporadic ALS. Based on the identified ALS risk genes, various ALS animal models have been established
through multiple approaches, including transgenic models, gene knockout/knock-in models, and adeno-
associated virus-mediated overexpression models. These models simulate some typical pathological
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features of human ALS, such as motor neuron loss, ubiquitinated inclusions, and neuromuscular junction
degeneration. However, these models still have limitations: (1) single-gene mutation models are insufficient
to fully replicate the complex multi-factorial pathogenesis of sporadic ALS; (2) significant differences in
microenvironmental regulation mechanisms and the rate of neurodegeneration between model organisms
and humans may affect the accurate reproduction of disease phenotypes and the reliable evaluation of
drug efficacy. To better understand the pathogenesis of ALS and promote the development of effective
therapies, constructing and optimizing ALS animal models is crucial. This review aims to summarize
commonly used ALS gene mutation mouse models, analyze their phenotypes and pathological
characteristics, including transgenic mouse models, gene knockout/knock-in mouse models, and adeno-
associated virus-mediated overexpression mouse models, and further discuss their specific applications in
ALS pathogenesis research and drug development by comparing the advantages and limitations of each
model.
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WL ZE 45 ) 2% 68 AV E (amyotrophic lateral sclerosis,
ALS) Z—F & & ETFEZEZMEA I (motor neurons,
MNs) HJRZIRITIEESR, HAHIEZ RINAE #E Y
MNs AT HER SR ZFhhee B ek 2, JE
K. ALS BRRE R, IR RA N
2/100 000, FEJFHELIN (6~9) /100 000 !, [EH P&
B RIR BB R AN (1.33~2.01) /100 000 #]
(2.31~3.58) /100000 ¥, Z WLFHEE (60~79%)
ANBE DL REB T BB L RIRIG 2 ~ 5 RN FEVE ST
L5 ALS DR Fld . WAL T
W IZEG e, BAREREMBER B,

e, Fit. MR, AR RESEZMERZE
ALS Rt 7, B pE R R R EE A, K
B M ALS (familial ALS, fALS) LI H ALS #
FHI10%, HA 90% MAHURE ALS (sporadic ALS,
SALS) fE B, (EERT BRI T G TS
[FIGEAEF I, SIS R ER) , HET ALS
MR LI 0.61 (0.38~0.78) ' HAETEAM40%
A ALS BRI M, H WL B0 B R i e S )
AL 1 ZRfiSEE[R] (Cu/Zn superoxide dismutase, Cu/Zn
SOD1, XFRSOD1). &3/ DNA 555 8 [ 43 Hihh
= (transactive response DNA-binding protein 43,
TDP-43) . WRi & & 0 & (fused in sarcoma,
FUS) « & 55T IR 2 A 9 i B (valosin—containing
VCP) \ 9 5 Y& & 4K FF T8 B i AE 72 B [
(chromosome open reading frame 72, C901f72) AR
EHMEERE (optineurin, OPTN), EA127 5 fALS &
# 1 60% ~70% DA K sALS /% (17 10% 10, #E R [H

protein,

KX EEEHIA ALS BRI R TR R, HAEALS &
FTSALS B SR R 53 B8 55.0% F1 11.7% M
TRABSAL B 2 P I 5 R BUR R 2R G 2 ettt — 2
T ALS &IRALHIRR ST HOMERS , BUAE ROIG Y78 i
—ETRE EEORIER, TR AR
HHT, #F75& EEF A ALS B35 bR IR AH IR
RIS A N T 2 ALS/NRRAR I, X BEASE RUAR ff #y i
JITERIRB T NINEFIL ] B AR B
R DA BRFH 295 2 (adeno—associated virus, AAV)
I RR/ NGRS, SRR BN R AL A
YIRS E T R A, ARG BIEGENT AT
FIAY ALS /NERBRY, RESANFBRI A fidl i, 9 ALS
MBS SIS PR (5

1 ERRERNEEE

1.1 SOD1R#EERE/MRIEE

1993 £F, Rosen 2 RHLT ALS HSE — P EUREL
K1 SOD1, SODI1 %% Cu/Zn SOD1, E—FHiBE EH
BEEMNCETIENE, 5888 HERTEAR
(k1% 28485 SOD1 & H I LR BE 7T R I,
SEEOFRTSTRE, N =S e,
51K ALS 1P, ELANE ALS #HOGH SOD1 28735 EL1Y
N 185 Fib b, KRZHHE R Y, SoD1 RA 2
I ALS FRE i LA RI 2R AR, 49 5 FALS R Y
30.0% FsALS FR& ) 1.5% 15,

1994 4 | Gurney% [16] Bt AJE G93A RAFHT SOD1
AANRERF A, R SOD1 FEER/NR . 2
AU ALS /NGRS, thi2 HETN &N iR
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AU e, HAE A SODT R RAS NI fI AR
SODlCSSR\ SODlC37R;FDSOD1H46R% [18]0 SODIC%A%%
/NERA R A SZ LRI #5 DB, R DS (1~2)
RURMN R R 218, AW EIE 6~ 12D HiER,
SRR EE A T R R R LRI R TR =
B (20~25) REIRIUNRREA BRI, KRt
[B]7E 80 ~ 120 H %, 2401 HOwE Al i 7055 i g
Fzspisse 1 ARIE S sh T E AR B /N FR R 22
FECK, i Thyl J33) M8 R &3R8 A JE SoD1%
FERLIR/INER AN R R B0 ALS 37 200, SOoD1 55
RI/NER, JGHSE SOD1 B EER/INER, H# T ALS
IETEIRTT I IR PR AT R . XS/ NRREELESEE &
mg S EEHE (Food and Drug Administration)
W T ALSIRARIETIF Y [a0F]&mE (Riluzole) F
KixHiZ= (Edaravone) | AYIGPRATEAZRR, K% THE
R 2, SoD19M B EL RN Rt T 2Bk e 4
SOD1#H5% ALS FU#R AR 7 Z5FE R4 (Tofersen) Y
IGRATZRONRFE 2,

ALS HE RINAIE 88 A5 R MR E R
£, Hrhsop1 R ALS HEh, S RERE
HMEEARSODIEH 2, MiHARE R ZRAT 1) ALS
HLZWEIM AN TOP-43 FE A M FHRE P, FAfEh,
SOD1 A FLELR/INFRAY ALS A7 i 2 MNs A B SOD1
FHME. TDP-43 PAME EANE TR SR EEY), 5872 SOD1 &
HE R SRS S EEE. Bl SoD1
A ALS /IR BRIUNALTE J1. WLAZESE. A
FIGRBEFIRE R SRR, SRR AV IS A TG A=
DU RHAf A nas il M ABERT A MNs B8, #iE
FhZRERIE . LA R A ST BRI & i S S T
SR s 2],

1.2 TDP-A3%EE/MRIEE

TDP-43 2 H fH TDP-43 B [H4wfd, Z—Fl DNA A
RNAZSGEH, SMannBiiEThER, 255
HEEFAT mRNA LN T B EEALIE 2, TDP-43
EHFEEM TN, RERAS T = AR
FHEMMNRE, S5 AMRREMEK, SEAmZ
N TDP-43 25 [k Js, X I2 ALS A 8 BUR BRARRAE [,
RFTEH, 2997% H sALS HE KB H TDP-43 i Bld
fIE 7 BRSEREL, E95% H ALS FRE RO I A BERY
MNs R T &AL B Az = H) TDP-43 22
REY B, HATMFREABIZE /D 48 fl 5 ALSHHE
) TDP-43 BRI ZRAE , 24 5 fALS J 35 1Y 3% F1 sALS i

E1.5% 2,

BT BB TDP-43 R 5%F , HETE L T AA
20 > TDP-43 B E RN R AL 2 B W REH
TDP-43"0" TDP-43YP A TDP-43"3"WVEE | X LR
PRSP AL ALS AHOGERAY B0, 7EiEId Thy 1 230
FidFEk NGB AR TDP-43 BERER/INGR A, AR FIRZ
JRAIE BE MNs BRI EIRI T AE , ELTY R 28 e
TR TDP-43V" Y FRIKACEAHSE , dli & F 3 R /N RS
(TAR4/4, Z)2f5NEMERIARE) fEHASE 14 dHIG
i S SO, e+ (TAR4, 29115 NEERIAR)
WIFE A 144 H A HBIZEMIRA B, ik, #El
JREEEEE (prion protein, PrP) JEEIFIKEN N, EIA
NIE TDP-43Y", TDP-43"3"F[1 TDP-43"331V 16 L [K] 7]\
AR ZE R T, Heh, TDP-43""WEELK /NG 3
F RS HILZ ZNEEAEIR ;i TDP-43"" R DI%L
TDP-43"PWEEELR/NER IS 10 H I A HEEIR, B
TR REAE N ;. TDP-43Y" 852 /N G R
22218 T s EEIR B X T RIFERIEE RIS, f#
R E 5 S s TR i A R L R /N FR B R At R —
Ko BN, AR TDP-43BSTRERLR /NGS5
HMEE AT gk (bacterial artificial chromosome, BAC)
IR S 3 F @B /NSRRI, fE PP J3 3+
W~ MErENRHEENEER, HRASE
PEBE; SR H TDP-43 2 /R B R IAI A T3 Y,
gi b, TDP-43 ¥ELR/INR B B sl ARt . Sl
T T R DRI DL B I A R 5 A e = M Y SR Y
FHIE,
1.3 FUSHEBRE/NERIEE

FUS BR324 0L TDP-43 [ DNA/RNA Z5 55 H
FEGEM T, AR 2R, =
¥ fiksia. RNAMET. DNABE. RIS N ALK
fRohag 17, NALS HE R RE H 60 2 FUS 53738,
ZHONEE WA, HARS21CRASEH L M, KZH
FUS RARENHEEH CUIENES (nuclear
localization signal, NLS) [Xiaf, SEEHEMNEN
RO THER R SR, MR R A, [F
I BN FUS B BhRE ek B¢, RAFFUS B IR
ENFFS ERREREE, s & 4HHLAN 2 Fi6e
BERS A RAE 7

FUS 58738 RAE/INRAR B fp 3R B 2 A T o R A
HAFRHELFRHE, Hal BB AR DK 2R AR
FUS (R521C. R521G. R521H. P525L. R514G #1
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ANLS%E) FEELD/INERASEAY, X2/ N RS R BT R ARG
MNs £ IEsIBRBERIEE M T 3 S5 ALS 58 117,
Hrr, PrP B8+ NI FUS™ HEEL RN AE 2 BRI
RIAT H U BA B AR 254 . AT R, X2/
B ) B 22 e 22 0 A 1 B A B SR AN S fk R B . BH R A
DNA SR, [F I AERE S 2 P b 20 M s 1
o513 RRARAISMIIBER) RNA et AR RIA 7
H L UE RN A 278 #R B (brain—derived
neurotrophic factor, Bdnf) (381 ] F Cre 25 2H il i 25 4
b PRI R, MR R US™ o R e MERIA
B EL RN o Z5 SR T, 1A /N R BT BRI 6k
BE, TSR Rz 2 H MNs BRI SSIR 73 32 A0 MINs RS2
B AREE R #l6 HIRE, /Nt —2 i BlEs)
THRERRRS . TVAARIEEE . 2RI R AN FUS 2 H
JREREERL BT

5 TDP-43 K{6l, FUSRIFRE B 53R m A
o L S FANFE FUSYT (FFAERL) # BRI,
aitgr (FYMEINZI0.9 fENIETERARE) RIN1H
WeRIR, 2 HieRES, 3 HIRIET., MBI ERRR
A mgeE T (BOMEMNZ 0.4 fENIFEMERIARE) /N
NITCHR B R, FELiA/NR T, JWEUGE R FUS &
I 55 BRER R 60% Y MNs E5%, B DAAR RS IR I
[T ME MNs 2B ME B, FE FUS™S (LB ENLFH)
FERER/ NG AL b, /INER T 12 B Rt B S R S
H o WIERAE FUSSNS R BEP/ N R — 28 5 1d Rk AR
FUS™ (BPAERL) BREEDR/NERARAS, 152 HBUE LR
BT 8 A RN I [E IR A /e, SRR e LR R B AT
BARI FUS 2 ¥ BAFA BRI S0 .
— TR, SRR AR E L2 % FUS L)
HoRR Rz — ¥,
14 CYorfl2 REE/MRIEE

C9orf72 FERIFARSAS X I G,C, 75 B EH R 2 MK
UHNEE ALS fe DL S0 oA ), 29 BRI AHE FALS
I 33.7% FIsALS 519 5.19% o IEH ARIZIX
5 G,C,EERECN2~301K, 11 ALS 35 HIL 30K A
FHESY N, HoREREREBEEETIRE
W o122 H5FELIZ. RNAIIL, B{ZHIIE
WIIRE. TCIEAMsR A, Bk, ZR-ERRERARR
FITDP-43 Z H SR IEF NRES o Coof12 R
3FREOEALE] ) (1) DA 53 B M RNA $Ri%
e RNA-fR H R (2) HEERFIEAR; (3)
EHMHFIEATG (repeat—associated non-ATG, RAN)

BN AR —RKESE  (dipeptide repeat, DPR) &
HEREE, i SEhREE T,

E R Corf72 EEE A/ NRERLIF, {(H /D
oy e EHIE A EIRITSMRERE, HEZHUNIA
Besz B ALSTEIRFRELRAY . SR BN, (i
50, 500 8§ 800 G,C, EEE &I H] Corf72 B[R BAC #;
BN, BE KRNI S8 RNA foci #
RNA-ZE SRR, [ #EEmINE A ™ E A
FERIIN, (EARIRITERT s FERIEAHE 50041 C,C,

BIF5 ) BACHEEF/INER, (C9-500) {EANFIRAFEH
AARERRA, L Y BEFRER, C9-500 BACH:
BER/NRHGERA SR (4RI fEE. &
R TR MAEMAEZE . MNs ER. BEMETH
DU B SRR Sy 3R T A% A 5 Nguyen % M) [6fF
FEI T IZ/NRAY ALS HHRITHERAL . Mordes % )
FE W ST SE9 R R AR E R R AE sh R A
Nguyen % 50— 340NN, IXFPZE AT RE 2 305
JEF3. NI B SR T2, AR TR, B
TR B2 7 S R R A5

2 BEEMANMEER

FEALS /NIRRT, /INERFRAL S R E H 5
BUEEOINER . 1R GTH e B RIS 8 R MR B R BB AL
AAZIE EERAF, TAREEE IR TER.
BIREXMITIE A MR ALS R, (HiL A AT fE
I ARk T =R R R A, toan, BpARAd
TDP-43 i FHAHIA] P ALS FER Y, MHEEZ T, B
SRAT T AAGTRY 22 71 P S B0 R AR 1P A o ) L 1 SR I
% %1 (clustered regularly interspaced short palindromic
repeats, CRISPR) M HAHXEH (CRISPR-associated
protein, Cas) 5K 4 a2 /R SEEUAS v i U 5848 /2 R
MU, TEENZNIEZRIAFE R AR B KSR oRAE, 3R
MEX R, A RN, AT DABE e A DL PRGES H
IR 5 RRIERR, BB T RFTBIR A RLH |
FHEH AR ERNG TS B,

VEEARAR E BHT ALS Bum R A H 4] 7 CRISPR-
Cas9 & [F 2 48 15 AR ) ) R AR /N BRAR B EA T 1
7%, N5@BIE CLICHFE 1 (chloride channel CLIC like 1,
CLCCT) B FFEFE§5 28 H o9 (protocadherin alpha 9,
PCDHA9) ' CLCC1 Z¥4F Al S8 CLCC1 & H 3R IAK
SRR, HEHAFS/NRRE ERERR, B,
NM2453/K298A WS AZ /NFR ) CLCC1 28 H K- .75
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i, 763 HIRHT IR H ™ E R E R Esh3H .
MNs ERFNZ RETEERAR ERIIGEER, NEN
PR FIEIE A H CLCC 4ERF R R W 25 FRa AN R A 12
HEA TR - AT EBEE R, 25 ALS FA RS
2 21, PCDHA9"™ i &R A/N R BN Rz 3h oh g
S (4 BIRNTTa I, ZEitR) fEFER N,
HEEZF/NRFEMIAZED . SMEXZRMAEIA
#23L  (neuromuscular junction, NMJ) 55, &8E MNs
F5. BV RAMEE AR TDP-43 & HAHH 5,

UL ALS 5 5878 i A /N RIS 2 3R B HE — TE 1Y
R AR BRI T AR, 76 TDP-43 BE[K C Uiy
RIS B AL UG IR, B f R MNs {3 H BLER S MNs
505 F 2% ol B B B Y o £ TDP-43"%" F1 TDP-
430980 g NS R IR R BE T A 2R TT MR AR
TDP-43 SREE AN REEIRENL; ZAMZAE MNs A5k
SEMMETIEERIE, R MTIREREIT 2 ALS &
AL ELEAZEAE Y, TDP-430" i A/ NER BOFR R4S
LR BMERHE, Z)6 B BRI —EFEERY
ZANBERE, 2 12 H A R T DD BE R i 2 B
1S, XSS L FGA BRI Y, Hodr, A
& TDP-43"3" §1 TDP-43"% i A/NR BRI FA B 5
R A MNs B MERTRS BREG AR B¢, T 28 ARV INER
ToHHEERAL, AN, TDP-43"" i A/NFRFRIN H A 1
MRz shbERS . DLAZESE. TDP-43¥5RENL. B
B MNs 2RI RANIE Y A= S BUFAE ), FEFUSR
AR AN, FUS™2 R0 FUS* NS Eow H 8
Thee IR BRI RGN, BEATPE R RIEE R R M E Y
MNs 25, (HICHH EizshfRgaRal 5,

BT A RAS AT, B S AN TR AR B R A
R N VEA/ N RSt F T 5 AR B K S 58 AR 7 SR 1Y)
TR o QI I E AR A BTN S R A DA R A A
VR FUS BRI Fr BB /N FUS B2 IH, MR
(FUS p.G466V{sX14) B AJEAL ALS /NFRARAEL (FUS
Deltal4) . ZBEILE/NER 12 H I 106 HBLZE 30 535
DU MNs £, HRWHERE, fREZRILH FUS 4115
FHEN B,

3 ERBMRNEER

HEHEE B (knock—out, KO) ALSHEEIAENF /DI,
XEHTEMBURERREFEMERTES, Bl
B2 R 10, BRI R SR AR A A AN pE B AR bl

R ML R A B B L . (H2, WA ES ALS BUR
HEEiTThEEE S (loss of function, LOF) HLHIEUR ,
E B &40 B R BRIE AL A SOD1, FUS. C9orf712. TDP-
43, OPTN, TANKZ5& 6 1 (tank-binding kinase 1,
TBK1) F1SQSTM1 (p627EH, sequestosome 1) & [00),

AL C9orf T2 FEELR/INRAEHY - C90rf72-KO /INFREY
FRAEAFAR P RIA—, AFFASFAE R
IR B —B %R, REE - SEREH
C9orf72 BER R FRAT/INER B S TG 2 AR R R
WA E A BRI Y, ANk, E C9orfT2-
(G4C,) o FI/NEIBHL R, FEFR C90rf72 BRI NER /INER
BRI E E A (2 QAia R G
Pk PR R H B E R Y SOD1-KO /NRRURAEE
FEFRI H MNs SRR B RS . XA T8
FEERMARTY, s> . NV &R EL A
BEDORN 2. B AEREZ (2 2 R 1) AR BRI SE
FRHH, SOD1-KO /NRFIH A A ST B LA - 4E Rl
R R A B fEThEE B3z Y, Ah, SoD1
RS T R e, SEEIT D ),

FAEE C9orf72 F1SOD1 £EE, /INER TDP-43 B4 &+
Bk FEIRIG R EASGE, masE TSN R
SRMH AT IFIZ SN, (HIA A MNs £
TR AL A 245 ), TE4E FUS-KO /N R AL
L NRIEE HREEE R, HIRERMHHLR
ALS AL 7]} 4k OPTN, TBK1 FISQSTM1 thiZ B8
HHG ALS Ew EL A, 4l & OPTN Bliok B o372 Al fE S5
EIREDIRERRAS A TDP-43 FOFRERL, i T3 MNs HY
FHE BT IERE %), TBK1 BN A&k BE TGS
P, &4 A TBK1-KO /N FRBE AL ALS [ R0 [0
SQSTM1-KO /NFR L BRI LT ALY, . FhEiR TR A
frmps 7,

4 AAVEHFN S RIARE

AAV BRI FHIRIA T FT C90rf72 5345 B
7o 1BIE AAV EMAH TN ZE TS (G,C,) 6 F1(G,C,) 140
f) C9orf72-ALS /N R B G S A IR T AR I T N PR AS
fIRAL, FEXE/NR Ao & BT IE TR Y
RNA foci, FHW%ZE|% fl DPR & F &K, pTDP-43
B Vo s R 2R A SRR IS R U o C9ory72 T
RNA B 1% 25 72 42 5 #UAS[A] B9 DPR, 44 poly (GA) .
poly(GR). poly(PA). poly(PR)Fpoly(GP) ", /T
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55 DPR BUE0E M, 181 AAV AR/ N Rk e
A GFP—poly (GR) 100 B3 poly (GR) ,p00 G SRR, X2
i poly (GR)FRILHHE R MEAEH . SEUNRHIFERS
IR ER AT EL 1 HHAE GFP-poly (GR) 1 28
B/NER R, & B TDP-43 Jifd i 5= SR S A1 TDP-43 £k
RETFERR 7o poly (GA) s/ NERAERZZ W8 E AR
R B R RS 2 . A e B R IRATHN
s Y,

W AR R FH AAV, FERIZ TR R
AR FRIK TDP-43Y 8 TDP-43"" | KI5 AE Y
TDP-A3 {EAN A SO A I B A it Hp R B AN R R G
g, Hpfemoorh s, HRIIER K
MREL ), R AAV £ 57 B BEMIZ T, B BE MNs
A B B L AR ot A S B TDP-43  (R821L/K83Q.
C1738/C175), ¥JuliES TDP-43 fiffkmiE, HES
BErhF A Y RAF R TDP-43 85 S 7 4 8 MNs i K &
FRLAR ™ R AR ENLAZSE 7 [ ] S
FRREE) AAV MVERIA A fe, A FTmId R ER ik DA IR
HE &k S AAVO 4% =27 PHP. EB J5 25 15 36 1A B A= 7Y
TDP-43, "] SHUNRIEAZ A g 7,

6 B R s A AN 2 5 Y A R AT AR
fa1, AAV RIS AT FE L3502 T AP IS i 12 A 501k i 1
FER A TE /N R AR AR B B . Boan, @i
FEPITEST AAV=-SARM1"'™¢, a] 5 S/ NFRizshiEis (9
HFEHEIAR) . INEAHMRBEMWERRKE ™, B
G 555 L2 # A2 /N BRUIK T S AAV-CONFY" 5 &
CCNF™™'¢, J5 IR T HE TIN5 A5 B CONF 25 i) S 3N R
IFITT AT OREENE3NH) FITDP-43 JH
MU, HSAE BRI T N S A B R T B Ry
B AMst, AAV AT BT ALS ZNERARAY
BB, DA T ALS TR ML 5 AL RVA T
2%k,

5 RESRE

RS (A B [ 28 ALS /N RSR[5 8 R £ 7
MR, AT AN AR (R ).
bR T AT IERARRI Z O, X SRR 2 SOk E AN F 2
WRZFHEH B AL, #E—HENE T DERETIA
R, AW FF57EE ALS R AR B B 8 o ALS
M IER AR ZRRME RN BUR AT
MBI, HYF2 B A RRIIRERE KRS
e, BURHLHIE S, AR —B/ BRI R DL e

WGP EE NS, B AT B Z IR SRR H &
WU o I FEARANTA] ALS B RIS 5 R AR AT LA
2RSSR T T 5 S

—fokii, FEEDIRR AT DI RO Rk AR A
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Table1 Commonly used mouse models of amyotrophic lateral sclerosis and their phenotypic characteristics

" . L mEx .
NEGNEBLEIGER  EE  CPOR g g MIRR o BER BREER L ew
ALS mouse model Gene /—\mln? aéld Mechanism Paralysis .Cogrntlve Neuron ﬁiEéE . Cyto.plasmlc. References
substitution impairment loss Gliosis inclusion bodies
e B R S hSOD1 WT - N - N N SOD1, VAC (81]
S —— D90A - - - J V SOD1, VAC (82]
hSOD! G93A GOF - v N - - 83]
hTDP-43 WT - N - N v TDP-43, UBI 132]
TDP-43 A315T GOF - v - v TDP-43, UBI [34]
hTDP-43 Q331K LOF/GOF - - N N x (31]
hTDP-43 M337V GOF - - N N x 131]
hFUS WT GOF - v x x x (84]
hFUS R521C GOF - N - V x (84]
hFUS R521C GOF N - N v x [38]
hFUS ANLS GOF N - N v FUS [40]
hC9orf72 [500] n GOF N v N Vv DPR, RNA foci, [47]
TDP-43
hC9orf72 [500] n - S N x N DPR, RNA foci 85]
hC9orf72 [500] n - - - N V RNA foci 48]
AN BT TDP-43 N390D GOF - - J J TDP-43 (57]
Knock-in mouse model TDP-43 Q331K GOF * v v ) ) (53]
FUS P517L GOF - - N N FUS 86]
FUS A4 GOF - - N N FUS 86]
FUS ANLS - - - N - FUS 187]
C90rf72  (GR)4003% - - - N x DPR 88]
(PR)400
cLeel K298A LOF - - N - TDP-43, UBI [52]
PCDHA9 L700P - N - N N TDP-43 53]
miExmsTRs REE 00 T ‘ y ‘ o ‘ 7ol
T TDP-43 M337V GOF J - J J TDP-43 (75]
i ) C9orf72 [66] n GOF N v N Vv DPR, RNA foci, [71]
virus-mediated
i TDP-43
SR C90rf72 [149] n GOF J J J J  DPRRNAfoc,  [71]
mouse model
TDP-43
C9orf72 [100] n LOF x v N v TDP-43 (89]
SARM! V184G - N - - - - (78]

iE: hSOD1, NEEFHBREAIKNEETRIBER; hTDP-43, NRERRNDNALSSERAIRBER,; TDP43, HRRMDNALESEHA3
WIBER,; hFUS, NFREREEBER,; FUS, RBMEEBER,; hCorf72, NRISREEFMIMZIE72ER,; (orf/2, 9SREIR
FRRENEE72EE; CLCCl, [UBECLICHET; PCDHAY, [RI53EHa9; SARMI, TR« Tol/BHEBNR-1ZHREFERT; DPR, ZK

%E; GOF, Ih8E3R1S; LOF, IRERK; n, COEEIRH,; NLS, &EMFFI; UBI, Z2ZEM; VAC, =M, WT, FFER; -7, Rk,
* ”y XEEV “x”y |7:|:O

Note: hSOD1, Human Cu/Zn superoxide dismutase 1; hTDP-43, Human transactive response DNA-binding protein 43; TDP-43,
Transactive response DNA-binding protein 43; hFUS, Human fused in sarcoma; FUS, Fused in sarcoma; hC9orf/2, Human chromosome
open reading frame 72; C9orf72, Chromosome open reading frame 72; CLCCI1, Chloride channel CLIC-like 1; PCDHA9, Protocadherin
alpha 9; SARM1, Sterile alpha and TIR motif-containing protein 1; DPR, Dipeptide repeat; GOF, Gain of function; LOF, Loss of function;
n, Number of C9 repeats; NLS, Nuclear localization signal; UBI, Ubiquitination; VAC, Vacuolation; WT, Wild type; "-", Not described; ny
Yes; "x", No.

[#E& =ik Author Contribution] [#Iz5 75 BA Declaration of Interest]

TEEARMRNE. RERXEBHENEEXE; FrBIEEFEBAXN A FEREIHR,

RBES SR REXEBEE, BYUXE; [£2 370 References]

TRIRSEXEREMEEZ,; [l WANG H, GUAN L P, DENG M. Recent progress of the

R Zas=egiE. THEARMBITEG, genetics of amyotrophic lateral sclerosis and challenges of



Jun. 2025, 45(3)

LIS SELIRES Laboratory Animal and Comparative Medicine

297

(2]

3]

4]

3]

(6]

(71

8]

9]

(al

m

[12]

[13]

[14]

[19]

(16l

[17]

(18]

gene therapy[J]. Front Neurosci, 2023, 17: 1170996. DOI:
10.3389/fnins.2023.1170996.

BROWN R H, AL-CHALABI A. Amyotrophic lateral sclerosis[J].
N Engl J Med, 2017, 377(2): 162-172. DOI: 10.1056/nejmra
1603471.

MEAD R J, SHAN N, JOSEPH REISER H J, et al. Amyotrophic
lateral sclerosis: a neurodegenerative disorder poised for
successful therapeutic translation[J]. Nat Rev Drug Discov,
2023, 22(3): 185-212. DOI:10.1038/s41573-022-00612-2.

XU L, CHEN L, WANG S F, et al. Incidence and prevalence of
amyotrophic lateral sclerosis in urban China: a national
population-based study[J]. J Neurol Neurosurg Psychiatry,
2020, 91(5):520-525. DOI:10.1136/jnnp-2019-322317.

FELDMAN E L, GOUTMAN S A, PETRI S, et al. Amyotrophic
lateral sclerosis[J]. Lancet, 2022, 400(10360): 1363-1380. DOI:
10.1016/s0140-6736(22)01272-7.

ZHU L H, LI S H, LI X J, et al. Pathological insights from
amyotrophic lateral sclerosis animal models: comparisons,
limitations, and challenges[J]. Trans| Neurodegener, 2023, 12
(1): 46. DOI:10.1186/s40035-023-00377-7.

LICY, YANG T M, OU R W, et al. Genome-wide genetic links
between amyotrophic lateral sclerosis and autoimmune
diseases[J]. BMC Med, 2021, 19(1):27. DOI:10.1186/s12916-021-
01903-y.

KIM G, GAUTIER O, TASSONI-TSUCHIDA E, et al. ALS
genetics: gains, losses, and implications for future therapies
[J. Neuron, 2020, 108(5): 822-842. DOI: 10.1016/j. neuron.
2020.08.022.

AL-CHALABI A, FANG F, HANBY M F, et al. An estimate of
amyotrophic lateral sclerosis heritability using twin datalJ]. J
Neurol Neurosurg Psychiatry, 2010, 81(12): 1324-1326. DOI:
10.1136/jnnp.2010.207464.

YOUNGER D S, BROWN R H Jr. Amyotrophic lateral sclerosis.
[J1. Handb Clin Neurol, 2023, 196: 203-229. DOI:10.1016/B978-0-
323-98817-9.00031-4.

WEI Q Q, CHEN X P, CHEN Y P, et al. Unique characteristics
of the genetics epidemiology of amyotrophic lateral sclerosis
in Chinal[J]. Sci China Life Sci, 2019, 62(4):517-525. DOI:10.1007/
s11427-018-9453x.

ROSEN D R, SIDDIQUE T, PATTERSON D, et al. Mutations in
Cu/Zn superoxide dismutase gene are associated with
familial amyotrophic lateral sclerosis[J]. Nature, 1993, 364
(6415):59-62. DOI:10.1038/362059a0.

PEGGION C, SCALCON V, MASSIMINO M L, et al. SOD1 in
ALS: Taking stock in pathogenic mechanisms and the role of
glial and muscle cells[J]. Antioxidants, 2022, 11(4): 614. DOI:
10.3390/antiox11040614.

LI H F, WU Z Y. Genotype-phenotype correlations of
amyotrophic lateral sclerosis[J]. Transl Neurodegener, 2016, 5:
3. DOI:10.1186/s40035-016-0050-8.

Z0U Z Y, ZHOU Z R, CHE C H, et al. Genetic epidemiology of
amyotrophic lateral sclerosis: a systematic review and meta-
analysis[J]. J Neurol Neurosurg Psychiatry, 2017, 88(7): 540-
549. DOI:10.1136/jnnp-2016-315018.

GURNEY M E, PU H, CHIU A Y, et al. Motor neuron
degeneration in mice that express a human Cu, Zn
superoxide dismutase mutation[J]. Science, 1994, 264(5166):
1772-1775. DOI:10.1126/science.8209258.

TODD T W, PETRUCELLI L. Modelling amyotrophic lateral
sclerosis in rodents[J]. Nat Rev Neurosci, 2022, 23(4): 231-251.
DOI:10.1038/s41583-022-00564-x.

CIURO M, SANGIORGIO M, LEANZA G, et al. A meta-analysis
study of SOD1-mutant mouse models of als to analyse the

(19

(20]

(21]

(22]

(23]

(24]

(23]

[26]

(27]

(28]

(29]

(301

(31]

(32]

determinants of disease onset and progression[J]. Int J Mol
Sci, 2022, 24(1):216-232. DOI:10.3390/ijms24010216.
ACEVEDO-AROZENA A, KALMAR B, ESSA S, et al. A
comprehensive assessment of the SOD1G93A low-copy
transgenic mouse, which models human amyotrophic lateral
sclerosis[J]. Dis Model Mech, 2011, 4(5):686-700. DOI:10.1242/
dmm.007237.

LINO M M, SCHNEIDER C, CARONI P. Accumulation of SOD1
mutants in postnatal motoneurons does not cause
motoneuron pathology or motoneuron disease[J]. J
Neurosci, 2002, 22(12):4825-4832. DOI:10.1523/JNEUROSCI.22-
12-04825.2002.

SAITOH Y, TAKAHASHI Y. Riluzole for the treatment of
amyotrophic lateral sclerosis[J]. Neurodegener Dis Manag,
2020, 10(6):343-355. DOI:10.2217/nmt-2020-0033.

BROOKS B R, BERRY J D, CIEPIELEWSKA M, et al.
Intravenous edaravone treatment in ALS and survival: an
exploratory, retrospective, administrative claims analysis[J].
EClinicalMedicine, 2022, 52: 101590. DOI: 10.1016/j. eclinm.
2022.101590.

MCCAMPBELL A, COLE T, WEGENER A J, et al. Antisense
oligonucleotides extend survival and reverse decrement in
muscle response in ALS models[J]. J Clin Invest, 2018, 128(8):
3558-3567. DOI:10.1172/JCI99081.

MACKENZIE | R A, BIGIO E H, INCE P G, et al. Pathological
TDP-43 distinguishes sporadic amyotrophic lateral sclerosis
from amyotrophic lateral sclerosis with SOD1 mutations[J].
Ann Neurol, 2007, 61(5):427-434. DOI:10.1002/ana.21147.

DE GIORGIO F, MADURO C, FISHER E M C, et al. Transgenic
and physiological mouse models give insights into different
aspects of amyotrophic lateral sclerosis[J]. Dis Model Mech,
2019, 12(1): dmm037424. DOI:10.1242/dmm.037424.

TSAI K J, YANG C H, FANG Y H, et al. Elevated expression of
TDP-43 in the forebrain of mice is sufficient to cause
neurological and pathological phenotypes mimicking FTLD-U
[JI. J Exp Med, 2010, 207(8): 1661-1673. DOI: 10.1084/jem.
20092164.

WATANABE S, OIWA K, MURATA Y, et al. ALS-linked TDP-
43Y33V knock-in mice exhibit splicing deregulation without
neurodegeneration[J]. Mol Brain, 2020, 13(1): 8. DOI: 10.1186/
s13041-020-0550-4.

LANZNASTER D, VEYRAT-DUREBEX C, VOURC'H P, et al.
Metabolomics: a tool to understand the impact of genetic
mutations in amyotrophic lateral sclerosis[J]. Genes, 2020, 11
(5):537. DOI:10.3390/genes11050537.

LUTZ C. Mouse models of ALS: past, present and future[J].
Brain Res, 2018, 1693(Pt A): 1-10. DOI: 10.1016/j. brainres.
2018.03.024.

CHAN G, VAN HUMMEL A, VAN DER HOVEN J, et al.
Neurodegeneration and motor deficits in the absence of
astrogliosis upon transgenic mutant TDP-43 expression in
mature mice[J]. Am J Pathol, 2020, 190(8): 1713-1722. DOI:
10.1016/j.ajpath.2020.04.009.

ARNOLD E S, LING S C, HUELGA S C, et al. ALS-linked TDP-
43 mutations produce aberrant RNA splicing and adult-onset
motor neuron disease without aggregation or loss of nuclear
TDP-43[J]. Proc Natl Acad Sci USA, 2013, 110(8): E736-E745.
DOI:10.1073/pnas.1222809110.

WILS H, KLEINBERGER G, JANSSENS J, et al. TDP-43
transgenic mice develop spastic paralysis and neuronal
inclusions characteristic of ALS and frontotemporal lobar
degeneration[J]. Proc Natl Acad Sci USA, 2010, 107(8): 3858-
3863. DOI:10.1073/pnas.0912417107.



298

LIRS LR E S Laboratory Animal and Comparative Medicine

Jun. 2025, 45(3)

(33]

(34]

[35]

(36]

[37]

(38]

(39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

HERDEWYN S, CIRILLO C, VAN DEN BOSCH L, et al
Prevention of intestinal obstruction reveals progressive
neurodegeneration in mutant TDP-43 (A315T) micelJ]. Mol
Neurodegener, 2014, 9:24. DOI:10.1186/1750-1326-9-24.
SWARUP V, PHANEUF D, BAREIL C, et al. Pathological
hallmarks of amyotrophic lateral sclerosis/frontotemporal
lobar degeneration in transgenic mice produced with TDP-43
genomic fragments[J]. Brain, 2011, 134(Pt 9):2610-2626. DOI:
10.1093/brain/awr159.

MEJZINI R, FLYNN L L, PITOUT | L, et al. ALS genetics,
mechanisms, and therapeutics: where are we now?[J]. Front
Neurosci, 2019, 13:1310. DOI:10.3389/fnins.2019.01310.

CHEN C, DING X F, AKRAM N, et al. Fused in sarcoma:
properties, self-assembly and correlation with
neurodegenerative diseases[J]. Molecules, 2019, 24(8): 1622.
DOI:10.3390/molecules24081622.

PELAEZ M C, DESMEULES A, GELON P A, et al. Neuronal
dysfunction caused by FUSR521G promotes ALS-associated
phenotypes that are attenuated by NF-kB inhibition[J]. Acta
Neuropathol Commun, 2023, 11(1): 182. DOI: 10.1186/s40478-
023-01671-1.

QIU HY, LEE S, SHANG Y L, et al. ALS-associated mutation
FUS-R521C causes DNA damage and RNA splicing defects[J].
J Clin Invest, 2021, 131(7): €149564. DOI:10.1172/JC1149564.
MITCHELL J C, MCGOLDRICK P, VANCE C, et al
Overexpression of human wild-type FUS causes progressive
motor neuron degeneration in an age- and dose-dependent
fashion[J]. Acta Neuropathol, 2013, 125(2): 273-288. DOI:
10.1007/s00401-012-1043-z.

SHIIHASHI G, ITO D, YAGI T, et al. Mislocated FUS is
sufficient for gain-of-toxic-function amyotrophic lateral
sclerosis phenotypes in mice[J]. Brain, 2016, 139(Pt 9):2380-
2394. DOI:10.1093/brain/aww161.

SHIIHASHI G, ITO D, ARAI |, et al. Dendritic homeostasis
disruption in a novel frontotemporal dementia mouse model
expressing cytoplasmic fused in sarcomalJ]. EBioMedicine,
2017, 24:102-115. DOI:10.1016/j.ebiom.2017.09.005.

DEBRAY S, RACE V, CRABBE V, et al. Frequency of C9orf72
repeat expansions in amyotrophic lateral sclerosis: a Belgian
cohort study[J]. Neurobiol Aging, 2013, 34(12): 2890. e7-
2892890.e12. DOI:10.1016/j.neurobiolaging.2013.06.009.
PARAMESWARAN J, ZHANG N, BRAEMS E, et al. Antisense,
but not sense, repeat expanded RNAs activate PKR/elF2a
-dependent ISR in CI90ORF72 FTD/ALS[J]. elife, 2023, 12:
€85902. DOI:10.7554/eLife.85902.

BABIC LEKO M, ZUPUNSKI V, KIRINCICH J, et al. Molecular
mechanisms of neurodegeneration related to C9orf72
hexanucleotide repeat expansion[J]. Behav Neurol, 2019,
2019:2909168. DOI:10.1155/2019/2909168.

NGUYEN H P, VAN BROECKHOVEN C, VAN DER ZEE J. ALS
genes in the genomic era and their implications for FTD[J].
Trends Genet, 2018, 34(6): 404-423. DOI: 10.1016/j. tig. 2018.
03.001.

BECKERS J, THARKESHWAR A K, VAN DAMME P. C9orf72
ALS-FTD: recent evidence for dysregulation of the
autophagy-lysosome  pathway at multiple levels[J].
Autophagy, 2021, 17(11): 3306-3322. DOI: 10.1080/15548627.
2021.1872189.

LIU Y J, PATTAMATTA A, ZU T, et al. C9orf72 BAC mouse
model with motor deficits and neurodegenerative features of
ALS/FTD[J]. Neuron, 2016, 90(3): 521-534. DOI: 10.1016/j.
neuron.2016.04.005.

NGUYEN L, MONTRASIO F, PATTAMATTA A, et al. Antibody
therapy targeting RAN proteins rescues C9 ALS/FTD

(49]

(50]

(51]

[52]

(53]

(54]

[55]

[56]

[57]

(58]

[59]

(60]

(61

(62]

(63]

phenotypes in C9orf72 mouse model[J]. Neuron, 2020, 105(4):
645-662.e11. DOI:10.1016/j.neuron.2019.11.007.

MORDES D A, MORRISON B M, AMENT X H, et al. Absence of
survival and motor deficits in 500 repeat C9ORF72 BAC mice
[J]. Neuron, 2020, 108(4): 775-783. e4. DOI: 10.1016/]. neuron.
2020.08.009.

NGUYEN L, LABOISSONNIERE L A, GUO S, et al. Survival and
motor phenotypes in FVB C9-500 ALS/FTD BAC transgenic
mice reproduced by multiple labs[J]. Neuron, 2020, 108(4):784-
796.e3. DOI:10.1016/j.neuron.2020.09.009.

RICH K A, PINO M G, YALVAC M E, et al. Impaired motor unit
recovery and maintenance in a knock-in mouse model of
ALS-associated Kif5a variant[J]. Neurobiol Dis, 2023, 182:
106148. DOI:10.1016/j.nbd.2023.106148.

GUO L, MAO Q L, HE J, et al. Disruption of ER ion
homeostasis maintained by an ER anion channel CLCC1
contributes to ALS-like pathologies[J]. Cell Res, 2023, 33(7):
497-515. DOI:10.1038/s41422-023-00798-z.

ZHONG J, WANG C D, ZHANG D, et al. PCDHA9 as a
candidate gene for amyotrophic lateral sclerosis[J]. Nat
Commun, 2024, 15(1):2189. DOI:10.1038/s41467-024-46333-5.
LEPINE S, NAULEAU-JAVAUDIN A, DENEAULT E, et al.
Homozygous ALS-linked mutations in TARDBP/TDP-43 lead
to hypoactivity and synaptic abnormalities in human iPSC-
derived motor neurons[J]. iScience, 2024, 27(3):109166. DOI:
10.1016/j.isci.2024.109166.

WHITE M A, KIM E, DUFFY A, et al. TDP-43 gains function due
to perturbed autoregulation in a Tardbp knock-in mouse
model of ALS-FTD[J]. Nat Neurosci, 2018, 21(4):552-563. DOI:
10.1038/s41593-018-0113-5.

EBSTEIN S'Y, YAGUDAYEVA |, SHNEIDER N A. Mutant TDP-
43 causes early-stage dose-dependent motor neuron
degeneration in a TARDBP knockin mouse model of ALS[J].
Cell Rep, 2019, 26(2): 364-373. e4. DOI: 10.1016/]. celrep.
2018.12.045.

HUANG S L, WU L S, LEE M, et al. A robust TDP-43 knock-in
mouse model of ALS[J]. Acta Neuropathol Commun, 2020, 8
(1):3. DOI:10.1186/s40478-020-0881-5.

KOROBEYNIKOV V A, LYASHCHENKO A K, BLANCO-
REDONDO B, et al. Antisense oligonucleotide silencing of
FUS expression as a therapeutic approach in amyotrophic
lateral sclerosis[J]. Nat Med, 2022, 28(1):104-116. DOI:10.1038/
s41591-021-01615-z.

DEVOY A, KALMAR B, STEWART M, et al. Humanized mutant
FUS drives progressive motor neuron degeneration without
aggregation in 'FUSDeltal4" knockin mice[J]. Brain, 2017, 140
(11):2797-2805. DOI:10.1093/brain/awx248.

DENG Z Q, LIM J, WANG Q, et al. ALS-FTLD-linked mutations
of SQSTM1/p62 disrupt selective autophagy and NFE2L2/
NRF2 anti-oxidative stress pathway[J]. Autophagy, 2020, 16(5):
917-931. DOI:10.1080/15548627.2019.1644076.

BURBERRY A, WELLS M F, LIMONE F, et al. C9orf72
suppresses systemic and neural inflammation induced by
gut bacterialJ]. Nature, 2020, 582(7810): 89-94. DOI: 10.1038/
s41586-020-2288-7.

ZHU Q, JIANG J, GENDRON T F, et al. Reduced C9ORF72
function exacerbates gain of toxicity from ALS/FTD-causing
repeat expansion in C9orf72[J]. Nat Neurosci, 2020, 23(5):615-
624. DOI:10.1038/s41593-020-0619-5.

POLLOCK N, MACPHERSON P C, STAUNTON C A, et al.
Deletion of Sod7in motor neurons exacerbates age-related
changes in axons and neuromuscular junctions in mice[J].
eNeuro, 2023, 10(3): ENEURO. 0086-22.2023. DOI: 10.1523/
ENEURO.0086-22.2023.



Jun. 2025, 45(3) LIRS EZ Laboratory Animal and Comparative Medicine 299
[64] SHEFNER J M, REAUME A G, FLOOD D G, et al. Mice lacking Constitutively active SARM1 variants that induce neuropathy
cytosolic copper/zinc superoxide dismutase display a are enriched in ALS patients[J]. Mol Neurodegener, 2022, 17
distinctive motor axonopathy[J]. Neurology, 1999, 53(6):1239- (1):1-15. DOI:10.1186/s13024-021-00511-x.
1246. DOI:10.1212/wnl.53.6.1239. [791 VAN HUMMEL A, SABALE M, PRZYBYLA M, et al. TDP-43

[65] YOSHIHARA D, FUJIWARA N, KITANAKA N, et al. The pathology and functional deficits in wild-type and ALS/FTD
absence of the SOD1 gene causes abnormal monoaminergic mutant cyclin F mouse models[J]. Neuropathol Appl
neurotransmission and  motivational  impairment-like Neurobiol, 2023, 49(2): €12902. DOI:10.1111/nan.12902.
behavior in mice[J]. Free Radic Res, 2016, 50(11): 1245-1256. [80] YIN P, BAI D Z, DENG F Y, et al. SQSTM1-mediated clearance
DOI:10.1080/10715762.2016.1234048. of cytoplasmic mutant TARDBP/TDP-43 in the monkey brain

[66] KRAEMER B C, SCHUCK T, WHEELER J M, et al. Loss of [Jl. Autophagy, 2022, 18(8): 1955-1968. DOI: 10.1080/
murine TDP-43 disrupts motor function and plays an 15548627.2021.2013653.
essential role in embryogenesis[J]. Acta Neuropathol, 2010, [81] GRAFFMO K S, FORSBERG K, BERGH J, et al. Expression of
119(4):409-419. DOI:10.1007/s00401-010-0659-0. wild-type human superoxide dismutase-1 in mice causes

[67] KINO Y, WASHIZU C, KUROSAWA M, et al. FUS/TLS amyotrophic lateral sclerosis[J]. Hum Mol Genet, 2013, 22(1):
deficiency causes behavioral and pathological abnormalities 51-60. DOI:10.1093/hmg/dds399.
distinct from amyotrophic lateral sclerosis[J]. Acta [82] ANDREAS JONSSON P, GRAFFMO K S, BRANNSTROM T, et
Neuropathol Commun, 2015, 3:24. DOI: 10.1186/s40478-015- al. Motor neuron disease in mice expressing the wild type-
0202-6. like D90A mutant superoxide dismutase-1[J]. J Neuropathol

[68] KURASHIGE T, KURAMOCHI M, OHSAWA R, et al. Optineurin Exp Neurol, 2006, 65(12):1126-1136. DOI:10.1097/01.jnen.000024
defects cause TDP43-pathology with autophagic vacuolar 8545.36046.3c.
formation[J]. Neurobiol Dis, 2021, 148:105215. DOI: 10.1016/]. [83] QUARTA E, BRAVI R, SCAMBI |, et al. Increased anxiety-like
nbd.2020.105215. behavior and selective learning impairments are

[69] GURFINKEL Y, POLAIN N, SONAR K, et al. Functional and concomitant to loss of hippocampal interneurons in the
structural consequences of TBK1 missense variants in presymptomatic SOD1(G93A) ALS mouse model[J]. J Comp
frontotemporal lobar degeneration and amyotrophic lateral Neurol, 2015, 523(11):1622-1638. DOI:10.1002/cne.23759.
sclerosis[J]. Neurobiol Dis, 2022, 174:105859. DOI: 10.1016/]. [84] LOPEZ-ERAUSKIN J, TADOKORO T, BAUGHN M W, et al. ALS/
nbd.2022.105859. FTD-linked mutation in FUS suppresses intra-axonal protein

[70] RAMESH BABU J, LAMAR SEIBENHENER M, PENG J M, et al. synthesis and drives disease without nuclear loss-of-function
Genetic inactivation of p62 leads to accumulation of of FUS[J]. Neuron, 2020, 106(2): 354. DOI: 10.1016/j. neuron.
hyperphosphorylated tau and neurodegeneration[J]. J 2020.04.006.

Neurochem, 2008, 106(1): 107-120. DOI: 10.1111/j. 1471-4159. [85] PATTAMATTA A, NGUYEN L, OLAFSON H R, et al. Repeat
2008.05340.x. length increases disease penetrance and severity in C9orf72

[711 CHEW J, COOK C, GENDRON T F, et al. Aberrant deposition ALS/FTD BAC transgenic micelJ]. Hum Mol Genet, 2021, 29
of stress granule-resident proteins linked to C9orf72- (24):3900-3918. DOI:10.1093/hmg/ddaa279.
associated TDP-43 proteinopathy[J]. Mol Neurodegener, [86] KOROBEYNIKOV V A, LYASHCHENKO A K, BLANCO-
2019, 14(1):9. DOI:10.1186/s13024-019-0310-z. REDONDO B, et al. Antisense oligonucleotide silencing of

[72] GENDRON T F, BIENIEK K F, ZHANG Y J, et al. Antisense FUS expression as a therapeutic approach in amyotrophic
transcripts of the expanded C9ORF72 hexanucleotide repeat lateral sclerosis[J]. Nat Med, 2022, 28(1):104-116. DOI:10.1038/
form nuclear RNA foci and undergo repeat-associated non- s41591-021-01615-z.

ATG translation in c9FTD/ALS[J]. Acta Neuropathol, 2013, 126 [87] PICCHIARELLI G, DEMESTRE M, ZUKO A, et al. FUS-
(6): 829-844. DOI:10.1007/s00401-013-1192-8. mediated regulation of acetylcholine receptor transcription

[73] COOK C N, WU Y W, ODEH H M, et al. C9orf72 poly(GR) at neuromuscular junctions is compromised in amyotrophic
aggregation induces TDP-43 proteinopathy[J]. Sci Transl lateral sclerosis[J]. Nat Neurosci, 2019, 22(11):1793-1805. DOI:
Med, 2020, 12(559): eabb3774. DOI: 10.1126/scitranslmed. 10.1038/s41593-019-0498-9.
abb3774. [88] MILIOTO C, CARCOLE M, GIBLIN A, et al. PolyGR and polyPR

[74] ZHANG Y J, GENDRON T F, GRIMA J C, et al. C9ORF72 poly knock-in  mice reveal a conserved neuroprotective
(GA) aggregates sequester and impair HR23 and extracellular matrix signature in C9orf72 ALS/FTD neurons[J].
nucleocytoplasmic transport proteins[J]. Nat Neurosci, 2016, Nat Neurosci, 2024, 27(4): 643-655. DOI: 10.1038/s41593-024-
19(5):668-677. DOI:10.1038/nn.4272. 01589-4.

[75] YAN S, WANG C E, WEI' W J, et al. TDP-43 causes differential [89] ZHANG Y J, GENDRON T F, EBBERT M T W, et al. Poly(GR)
pathology in neuronal versus glial cells in the mouse brain[J]. impairs protein translation and stress granule dynamics in
Hum Mol Genet, 2014, 23(10): 2678-2693. DOI: 10.1093/hmg/ CYorf72-associated frontotemporal dementia and
DDT662. amyotrophic lateral sclerosis[J]. Nat Med, 2018, 24(8): 1136-

[76] TSUBOGUCHI S, NAKAMURA Y, ISHIHARA T, et al. TDP-43 1142. DOI:10.1038/s41591-018-0071-1.
differentially propagates to induce antero- and retrograde (W F5 HER:2024-11-04 &[] HHA:2025-02-13)
degeneration in the corticospinal circuits in mouse focal ALS (ANEFRE:. TFES)
models[J]. Acta Neuropathol, 2023, 146(4): 611-629. DOI:
10.1007/s00401-023-02615-8. [BIAANX]

[77] JACKSON K L, DAYTON R D, DEVERMAN B E, et al. Better TEE RiEE, TR F.NEHFENRECENREERRHEL
targeting, better efficiency for wide-scale neuronal LMY S LR EZ, 2025, 45(3): 290-299. DOI: 10.12300/j. issn.
transduction with the synapsin promoter and AAV-PHP.B[J]. 1674-5817.2024.161.

Front Mol Neurosci, 2016, 9: 116. DOI: 10.3389/fnmol. 2016. LUO L L, YUAN Y C, WANG J L, et al. Advances in mouse models
00116. of amyotrophic lateral sclerosis[J]. Lab Anim Comp Med, 2025, 45
[78] JOSEPH BLOOM A, MAO X R, STRICKLAND A, et al (3): 290-299. DOI: 10.12300/j.issn.1674-5817.2024.161.



	目次
	人类疾病动物模型
	肌萎缩侧索硬化症小鼠模型研究进展


	Contents
	Animal Models of Human Diseases
	Advances in Mouse Models of Amyotrophic Lateral Sclerosis



