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Research progress in the involvement of TDP-43 in the
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Amyotrophic lateral sclerosis (ALS) is a chronic and progressive neurodegenerative disease characterized with
selective loss of upper and lower motor neurons, and the pathogenesis of it still remains elusive. One of the
pathologic hallmarks of ALS is the presence of transactive response DNA-binding protein-43 (TDP-43)-containing
cytoplasmic inclusions. Pathologic TDP-43 causes neurodegeneration via affecting various cellular physiological
processes, including impairing mitochondrial function, triggering endoplasmic reticulum stress, being closely
related to stress granule formation, and interacting with intracellular degradation pathways to exert protective or
cytotoxic effects and so on.
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WL 2= 46 0 2R i fL iE (amyotrophic lateral
sclerosis, ALS)JELAEFEYE I Fizshph & oot
RRAE R PR AT PR 8 RGP . ALSHI K
i b R R B MU 2 S, R g, SRR R
H5.2/10 5 KM, BRI K95 3 H2.77 /107 NAE
RN 10.32/1007 NP, ALS B BFIA P R
ALS(familial amyotrophic lateral sclerosis, fALS)
21510%, TMiHLAMEALS(sporadic amyotrophic
lateral sclerosis, sALS)?"‘]Hj9O%[3], B2 el
1.2:1~1.5:1%" ALSI = B ARAF R LY TET7
Z4i, B R TR 5 3~ SAE IR O I I g v T
FET: . Z23iK50%MALS & 1] Hh BLAS [m) A2 i i 2k
RUBINFI D) RE B A5, K5 30T 1496 1) F8 5 [ if 28 40
%ﬁﬂfﬁﬁ%(frontotemporal dementia, FTD)[S], 75|
BEALSHIETD Al B8 [A] — S Jot o 5 A i 9 A [)
pitI EsALS&ﬁﬁﬁ‘@FTD(sporadic frontotemporal
dementia, sETD)MH 1Y BT, HE 04 40 M 0 9
PR AL 30 A mT 4G 21 TDP-43 (transactive response
DNA-binding protein—43)[6] , MILTTF R TALSHFIFTD
i B SE AR 2200 . 2K X TDP-437EALS A [A] &
o 308 (8% v F s AR AL IR A T 250

1 TDP-43 R EAIEIhEE

TDP-43J2 Hi fi T 15 Y& (A 4K |- TARDBPIE [N 4
43 kDEF BT, H—PNKRZ . WHRNAH G
fﬁﬁi(RNA recognition motif, RRM) . — B E DT
{Jﬁ‘%—'(nuclear location signal, NLS)J??'J . — Bt
tﬂfg%(nuclear export signal, NES)J??'J, VIS —
ANCAR T . NS 5 TDP-43 H B A BAE AT
U RRMIE YT S RNAFAEEDNARY I TAEH
Z 5RNAM BT H DAY NLSHINESIU
P TDP-43 3k AN AL CoR s B AT e AR A
N -7 AH 5325 (liquid-liquid phase separation, LLPS)
FEPE, 5 5 TDP-430% FLPE B A4 260 AR FR
S FTDP-43FZA; TN, SZFDNA. RNAL
W A AE Y, 2 5 RNARIDNALC T,
WBT A L A R U kR
TDP-432% 51K W0 BBk (stress granule, SG)!'”,
A2 20 i Jo N RNAACS

2 ALS 1 TDP-43 RyJRIE N T

TDP-432 4 SOD1MFUSZ A LAY K £ 81

ALSR A H ot . A B 48 0 sl e o 240 i ot rh iz R T
‘I’ﬁ@,?ﬂﬁﬁi(ubiquitinated inclusion, UBI) 18 B A A
WAy, AT RE A IR 2 R Bl ) IR R R R
o ZHRM . BERALTIRFA3S (TDP-35) 825 kD
(TDP-25) K/NCAH % Jr Bt (C-terminal fragment,
CTF)HJTDP-43 EZ R TG, M NTDP-43
KR TARDBPEE P 285 5 | i fALS! ™, b —
7R TDP-437E ALSH BRAIL ] v ) B2

TDP-43484 H Al fEil i I BE k2K (Toss of
function) 5k Jifd 5T 2 P I RE AKX 15 (gain of function) s
SYI AR, HB S5ALS KA S R A
FEEHKLIARFE . BT LY 8 (endoplasmic reticulum
stress, ER stress). SGzl 2% 2028 RN 40 it [ fit ids 15
S A (181

3 fRIEM TDP-43 £ ALS F R & R VL HI

3.1 TDP-43 5& ki fh

2R T B B 15 2 TD P-4 380 56 (0 #h 25 1B 4714
PR EEHLH 2 — . EIEH AFsALS B E N
YRR T BB AEAE A TDP-43 78 (112, i — &% 40
it = 50 4 S 5 P MR SE T D P-43 5 o R 4 T4k
BifR, TDP-43i 2 LR, 15 (55 A By (M1-M6)
PEA LR RAR, i gAML A B O B R AL M1 AT
/DTDP-437E L RLAR R AL, I B A R0 2% fiff B A5 78
(wild type, WT)FIZRAETDP-43 i 2/ B ki {A 1)
BEREAS . M2 TC P FIALS 6 8 K3z g i i 2420
TDP-437F L b0 (1 SR AL W] 3 R RLARTE S 7
W.ORRRRL G- R D BB R LT
AE 25 AL R ZoR (A A2 i s A, DA AN A I
IR & BN, A B sh i oo hifi
3.1.1 TDP-43 | & B EF T

TE 25 45 ¥ S 2 2RO VR B UL A R B
FEALS B H Betz P 2 T0 1, SRR N BE fff A4 22 25
TARESN IS TDP-43 G298S5E 75 ALS 3% 41 A
BRI B 2T A 40 M v, o T U ok AR A AR
TRk A, ZETDP-43 M337V2UHITDP-43
A31ST 5L 5L H A 11 32 3 o 22 o0 B B e Al
DA ZIN | 8 A e 2 R T b Bk g R R, R IR
TDP-437KF- W g i & ol 36 2 b AR L 8 454 71
A5 TDP-43 4% il 2% R 20 i 5 5 55 2R 4 55 B 22 30 1) 4
RS NN 22 A N Y s W R -
%, Bl -0 24 55 s i o 1 5 ok AR 3 Y
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Figure 1 Partial pathogenesis mechanisms of TDP-43 in ALS

AN TDP-43 R AEME 1 5 IR LA T . NSRRI S5 RO 8l ) A SO AR T A R A iR AR A HL N 2 S ALS
M B A . TDP-43 M BEA LRI, 05 LA &) SO AR AL I RE , I S BRR > R/ Rl &5 ) ) 2 R 2 5
o TDP-435| & MR NEEIT A FATMISET . TDP-43 YRI5 BT BEOBURL(SG) A s 1~ A7 5, i sGrl
SFEIF RPN TDP-43, B LA BRI AT I, SGR i (A T BTDP-43 4K . 2 K-S MHAR L (UPS) . FI
TP - AR A2 T B AN R E XA TDP-43, 7ETE BRI B TDP-43 [ HAT UM EIFEHT, AE A Wt ol o5 22 TDP-43 1) 4
HERERANL . TDP-43F] 51 AR R, (HILXT A MR AR i A i

Cytoplasmic TDP-43 aggregate is implicated in the pathogenesis of ALS by impairing mitochondria, triggering endoplasmic reticulum
stress, being involved in SG dynamics and interacting with cellular degradation pathways. TDP-43 can localize to mitochondria, impair
mitochondrial complexes and their functions of oxidation and phosphorylation, and lead to abnormal mitochondrial fission/fusion
dynamics and transport. And TDP-43 triggers endoplasmic reticulum stress which results in cell death. The formation of cytosolic TDP-43
aggregates is related to the generation kinetics of stress granules (SG) under stress: SG recruits cytoplasmic TDP-43 and protects it from the
pathological aggregate formation under stress, whereas the abnormal disassembly of SG causes TDP-43 aggregation. Ubiquitin proteasome
system (UPS), autophagy and endolysosome can degrade different forms of TDP-43, respectively, working synergistically in removing
cytoplasmic TDP-43, but some studies reported that activating autophagy can aggravate the cytotoxicity of pathological TDP-43. Besides,
TDP-43 impairs the endolysosome pathway, but its effects on autophagy are still under debate.
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3.1.2 TDP-43 jlAR&FARERE /| 2RI A FHE

LRLAATE 7 AL 3 7R T REAF TE LR A Rl 5 / 3 2
BEAT . MW/NEURIG 2> B Rz sh oo, wWTAH
G (1) TD P-43 1) ] BUZAE M K i 03 ol
RALHTDP-43 0] fEHELRARIr ¢, M TDP-435%
ikt R IR R R R A B 1 2 (mitofusin 2, Mfn2)
A TDP-4351 8 1) — RIVLRR 5 %, (46
SRR BERT . OB E L LOR IR IR L
(mitochondrial membrane potential, MMP)F%{&*H
T M 4 (reactive oxygen species, ROS)HEZ 2
P TR ORI Y 25 2 S w7 RN D) R IR A AT RE 4 4k kT
filG -y 25 H . TDP-433 A T ERAR Rl & -4
P EA R, SRS R TDP-430] 5
M2 A B FHIE 1 GoRLUR Rl & - or 24000, R AR
AITDP-43 ALS(G298S) [ # HINE L £F dedi e vp, 3
PEPE I 15 Lo A 2 i 1) 32 B AR AN 3h ) B A
KA F11(dynamin-related protein 1, Drpl)FIZE ki {Ak
ﬁj\%"ﬁﬁl(mitochondrial fission protein 1, Fisl)E/‘]
MEAEM, FTBCELRLAR TR R 16558 25 45 1 S
DIRERRF Y, A BT R TDP-43 F B LIk 4y
A, WAETDP-43 A31STERAE/NRATIf, f7
S B Az Sl 28 T SAL ORI i G, £
FECCHIERT BEAMILEY, ik 8 % IR R LR Ak il
B -1 B W SR TDP-43 T B2 OhL A4 T 1 B A J5L A
Z—5
3.1.3 TDP-43 % & 42k 7 A

AALBERR AL . A AT PR Zobr R 1Y Z I BE
AR R BE B AR R A R R B 2T TRk L
AE R AR 22V B R . FEWTHIR ZETDP-
431 20 e SRR B MMPREAIG, ATPAE A
WL, ROSA LI AN, X375 e i A il b A A LAk
IR, (R e NI O NS R IE 3 U RN O D
KB WT TDP-437] 5 IFIEEE 5 YT HEND 3 HI
ND6HYmRNAZS 73 I B AT HIE 7§, AT 41 il 52
BUIIE R, 50 GOk AT I8 D) e ; ALSAR X
M TDP-43%875 (G298S . A31ST. A382T)H it —
> TND3HIND6RY R IL, MMl TDP-43 1k A2k
LA U 7T 2% fiff SORE 1A D BE R A
3.1.4 TDP-43 % A& Flk4kiE

LKA I Al L PN 5 32 Ry 28 T (AL A i ik o A
B, TDP-43jd 33k, ZRAE e *HHy al5E i 5 ik
LA 1 32 i T B P . FEi RIAWT . TDP-
25/35 85 7L TDP-43 FY 20 Mg A5 28 o ] LA ) L ki {4
GRS g R 58 () LR R 52 i B A 02

TDP-43MA3 15T AL /N BB AU 2 R {4 iz i B A5 1)
TR AR 5 5 FIALS A (1 H EE Y ) iR
LR R B 12 [ A2 TDP-43 T B0 - 30305 B 7%
3.1.5 TDP-43 J5 22 F & Atk B &K AR AUh)

LKA H 5N X TDP-43 5 40 Mo A AL .
i, R R SO I TD P-43 5% 58 A Zhn
T, IF B 2ok AR P R P, TDP-433%
TG bR AT & B IV (mitochondrial unfolded
protein response, UPR™), 2R R UPR™ZE [ i
LonP 1 B &3 [ fif 2 R0 1A TD P-43 DA T V3 4 S g A
RITDP-43 T8I B M, T I LonP L 2R 4
TDP-4384 00, I NI TDP-43 i S0 R A4 451 4 F
WA B AT AR Y s gk A A 4EFFTDP-43
RS BRI R DI RE 2 2L,

3.2 TDP-43 5 ER stress

N J5E ¥ (endoplasmic reticulum, ER)J&4H g N
HEHBES &N TEZEY ., WHEETDP-437] 5
EEREA ST, WAETDP-43MA31ST RS UK i
H i IZ 2 2 T FIsALS (B % & TD P-4 34 A {4 11y
BetzZ v, g 2 301 BV AT WL 48 B ERIE 5 45 44 1%
K, BEHERAIFREIE®WER . BFEL0,
B AEREE L R ER AR AR

TDP-437] 5| X ER stress, WG ARITEEHX
i (unfolded protein response, UPR)Iii5| % 4 il
J1-, TETDP-43MMA31STRAE ALSHH JZ ik
KILER stresshp i 47 1 2 05 4 15 8 H -78 (glucose-
regulated protein-78, GRP—78)E'¢%}|‘%BS], gl
W R BWTHIRAZ K TDP-43% 1] [-iHER C/
EBPA]Ji & 1 (C/EBP homologous protein, CHOP)
FF bt 24 1R K A 2 W2 £ 1 - 12 (cysteine-aspartic
proteases-12, caspase-lZ)%@f?ﬁ%E, NIOE: &
ER stressJF oI AN T 3t FIKTDP-25/35
AR EMAIE B, Jf i EIHER stress® 51 &
ER stress FZNMISE T2, T HURRE 25 74 16 R 4 1 Uk
BTDP-2Sid RIk T AL AUER stress ™ P T:, If
B W, R R

3.3 TDP-43 jRIEMH B & sG

SG 4l ML N 3 e AR B, A R4S A M R N R
Ji B0 5 I A % B RNCA I 2R 1 28 LLP S 26 % 11
A WA BEEENIER i’ o LLPSt®
TDP-43E B4 kT H, TDP-43MISGZ [H] 1) %
VI R LR SGAETDP-43 %5 PR 5 45 v n] ke 7 22
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EH .

TDP-43F1SGHAH B AEH & # N B AL #ETDP-
43 FEME IR AL . RSB RAEALS MIETD 8 34 il
FJ A= 7 38 B AN % BLTDP-43 AL 1A 5 sG AL g
B, SGUE i Al I it TDP-43 A0 A, 11T SGHI i1 571
AL 1k TDP-43 60 A 19 A2 17, R SGAITDP-
4340 TR AR ELAT [R5 . ALSHH 6 1 TDP-43 %8 725 412
MR BT SGHRR M O TDP-434 180 4 [ T 41 i it P4
Prls-1 (T-cell intracellular antigen-1, TIA-1) [fER
AR OB K (cycloheximide) i fiff ] (14 A= BN 41
JFE T BRI S GAE B Y T AR BE R IR R A
2 (ataxin 2) 7K AT ik D L PR/IN R TD P-4 3 5 4 S HL
i, ks stiae . LK A, JFRERSG
R, JB/D TDP-43 55 8L G, X sugh | R W]
SGH TDP-43RAEY ML A &

EARFTRDINHASGEH T TDP-43REWY
B B By B ot B R E T, R TDP-43
RAETTRE S 70 W OIS TSGR IR IS5 AL . ik
A SENIEMETDP- 439 L E ESG, XFhSE4EM
LM TDP-43 FYNLS 5 Z RADP K% [poly(ADP-
ribose), PAR]EEZ A/ NS, JFaEW% B 1L
TDP-43 9 WM 1L, %E 2% 85 IR 1k TDP-43JE ik B
PEREY M R R, BN ARG, SGIHAIM
TDP-43[APEREV R E A 7E, HNREB SGIF i
R BRDY o 25RO S, SG & R ARk,
TDP-43REY H5SGR LILEM R, HMIETEA
TDP-437% KSGIRIPPIBERRfL, JFM 7 TSGAA
LLPS T i g B 58 g AR 1041

MR 580 . B3 A TD P-43 4 5%
L ESGHERNAM S, RNAZ A E ) 6LBE 1
TDP-43 K A BE B 55 52 1M 78 20 Il J5T o4 JE 1l 1t 1R £ F
p62 FHETDP-43 5k, FIH TDP-438 9 19 ¢
fif o dE— W R M. BWERNA/E R
B RT3 A7 oo 2R 1 RE R 9 B LS [ANFUSS (fused
in sarcoma) fITDP-43% 1 & A2 LLPS, 4EFF& Al
SRS TP IR R KA . SGEA H S RNAK
R EE, by ik BERNAFITDP-43 55 8 1 i
SR EIAF LSS, BLIETDP-43 1) CR IR & 42
3 (low complexity domain, LCD)I[H) % 4 [A] i 4
e . FERAMPHEME RS, MRS EESGH
TDP-43 0| 75§t RN A Y 40t 57 34 55 v & 2F 0 B
P FIBRMELLPS I LR EW . Wk, Wik
SGHE M8l I 2% KA R H BIRNAFITDP-43%
LB FL B, B2 R B TD P-43 41,

T 40 S 0 JAE K T TDP-43 55 25 1 578 20 B S5 19 1)
{5 R FE] s 2 o LB A i )

Zr b, MARSGREN FAHTZhA | B 454,
HTDP-43B 1 £k SGi I iR EW ™, H ik
WFoE s, FREE N S S A7 AR I SG AT i JE TD P-
43R RAE , X ICT SGBh 2 ny B
T ] BE 7E 9] Ui By B B 1R TD P-43 R EEW AL AL,
A ] R AL R n] HEE B 19 IR T R 2 —

3.4 TDP-43 5N FERIZ T
3.4.1 TDP-43 5 g%

TDP-431E HALSH B REME LT, 4
L {5 E I ik RV BR R BF R R . A R R
o PN Y R A, W WIE A E A
(macroautophagy, fiiFRHME) . fHET T 2W
[ I (chaperone-mediated autophagy, CMA)LI K&
¥ B W (microautophagy) . H Wi 3R] 43 A £ 54 I
e PEPE, 4Ok A W (mitophagy) A 5T 4L
ZIERFEE AN . A A S 5TDP-43% HIE
(A3 B, T L A s B A R AR .
3.4.1.1 TDP-43 %} § * &9 1F )

TDP-43%F [ Wit i 4 I SCHR R B A — . TDP-43
AL 3E I R MR D RRARAT A AL ) 1 g, (L ELAR
ERA A Gl . RLEEoE & sALS i # iz 3l th &
Jerf E K TR Y 1 AW T RIZEAE TDP-43 1]
BOE EIE L W R TD P-4 3 4R A BV S
fHYETDP-25 5 3 [H B [ 1K - F
1M 7EsALS B4 & TD P-4 34 IR 44 1) 15 85 5 FA 40 it
K A S A e A g T R R
TDP-43%F A W /R Al R AU 2 A ¢ . 5€28 TDP-
43(N390D)ALSHLA /N RAEAER AT, B Hbiz sl pf
2ot AW A4S IS 5 IERWHEETDP-43,
fHBE & /N B2 W8 A0 SORE IR i & 2R, HBEOK ST
K, TDP-43U0AG £, M H AR T, i
WIFETDP-43% # i, A MK 2SI, ik
KL, TDP-43RAERR T T4 A Wil #s, Wi
ECMAREM,

Br 7R PE DI REARIS L], TDP-4386k AR
UESEH IR H DR B R A 5 1 A W R U
MTDP-438% WY BEH K B, AT 5 30 W AH OC 2R
R mRNAUIAtg7 mRNA™ | mTORC1X4# 4
JFraptorfJmRNA | dynactin-1 mRNAPUFIBcl-2
mRNAYEE ik &R R, I EOE St F A
Wi, Bl K-V RS OR RS AT, S Y
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2T, BRI TDP-43 REY 1Y B R4 It

Zi I, TDP-43%F 1 W (9 /E H i A 3k A iR
HoTRe RS . SCR BRI R, R A TDP-
433 Fe AR Bl B B R 5 SR A A W AR B R
] 5 ASRBE RS TDP-43 % [ W 4% BR 5 11 52w 7 )3
R4, IR RAFRZTDP-43 5 [ W2 18] 19 AH H.
YERMWESE, NE B — SR SRR . g
s 7 0 D B9 95 e Je ot 458 (A 5 )

3.4.12 AAE TDP-43 5% 22 W 64 2 JoL AR 47 VR ) Am itk
1E A

i L RT3E S [ MR R TS BR TDP-43, iR
TDP-43 I A0 M 35 1 57 SR a9 Ve
POEHFSE % 3, TDP-431J2CMAMIKY), CMA
A2 EW T-TDP-43 1 28 N 4 58 10 45 50 4 00 1) 114
TDP-12xQ/N 7% I

SR, WA R B, B E I AR fE
LA O AP, BTN R TDP-43 19 240 ML 85 4k
WG A N R T D P-43 (i 2% 5 A AR (14 i 2R AT 1
AR AR )R] R 2, XR] RS i P TDP-
431EF Y RE B AR5 T [ W I (R B | 1 A
VB A A BRI, 1 E WEVLAZ B . A I
R A A0 M 3 PR P B, 2SI, TDP-433 5%
BERY H WEAKOE, ARTE @ VR T A0 MR, T
AR I il & BLIFTD-ALS 20 5 A
CYLDZEZZ ] fiff [ WK -5 W A Bl &5 32 451 . TDP-
4355 W BN A RAED, PE— LR [ VRS AT
AE B A TDP-4355 HLAY L [F] & 44
3.4.1.3 TDP-43 52 % - BEABik 2%

17 % - MK & 48 (ubiquitin proteasome
system, UPS)t LI MR SHEITSE
LT ERIRYIEE, 2T RIESLUPSS 5
TDP-43 15 BRI R MM 5L Z 4 h T UuPSHI A
Wi 7E 5 R AR R TDP-43 2 X L Eh A 543 1., K AE
Je EERANT IS .

3.4.2 TDP-43 5 NIk - G Bk i& 12

WA (endosome) & H1 4 Jf 5 P 6 JIT I 1l i)
W, HAENY RS NR . AR E R
/J\ﬁi(multivesicular body, MVB)@%@{%%@KV\]
AT, AT BF5E s A5 (endocytosis) F5 10 Y
K- AR

PR -V B R IR AR AE T BR A BEE TDP-43 P i
HEWVEM . TDP-435 P IR-I5 T A& 14 2 P 2L
EAYBCRI B PR R 3 T O R,
PRI E A BV TR . PR B AR

MR E T s %k A% T B AR P O B B 2K Bl
dynasorefHWriZ ik 12 ¥ 230 /> TDP-4375 bk, JinJa
TDP-43 R 42 J H T 7= A i 4 e 2 4
3.43 e AR R % & 12 £ 7% Tk TDP-43 L &9
WE S5 T

FI g . UPSHI P AR -7 i R 34 72 4 hy 200 it 9 E
B ALE, fETEBRTDP-43 L EEA B RAE T,
VA AR, uPSH AW, MEHSST
TDP-43 3 KR, (HPIA & 12 509055 B b T A [l
K TDP-43, TDP-437E 40 Ak T #fk | 5%
B /N R R R AR R 1 A B i 8 T A
Horh B AGE T UPSPE AR, SERIRFURE M/ N R AR
RN EN S I TN - S N N A e 5
T B AR O N RS 20 WERR A, DR I BE AT
— IR P EUR BT RS, (2 TDP-43F%
i B AR MIERT IR A2 TDP-43(N390D) ALSH{
AN/NRIB BB shap oot , ke B A
WK, FEREIR S & AR TR, iU PSiE B
T 7 B R G M U1 R AR T BB AR
Yi. UPSHIH WETE S BRTDP-43 L (A DMEA, 75 2k —
T LA

Al WERT PN AR -5 A 1 A2 AR VE BR TDP-
43RAEY LW EAA B FEER, 8- RS
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