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Exosomes and their roles in neurodegenerative diseases: from pathogenic, diagnostic

and therapeutical perspectives
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Abstract: Exosomes are extracellular membranous vesicles with a diameter of 30—100 nm derived from a variety of eukaryocytes.
The cargo of exosomes includes proteins, lipids, nucleic acids, and substances of the cells from which they originate. They can transfer
functional cargo to neighboring and distal cells, therefore contributing to intercellular communication in both physiological and
pathological processes. In recent years, it was shown that exosomes in several neurodegenerative diseases are closely related to the
transmission of disease-related misfolded proteins (such as a-synuclein, tau, amyloid p-protein, etc). These proteins are transported by
exosomes, thus promoting the propagation to unaffected cells or areas and accelerating the progression of neurodegenerative diseases.
This review focuses on the origin and composition, biological synthesis, secretion, function of exosomes, as well as their roles in the
pathogenesis and progression of neurodegenerative diseases. In addition, we also discuss that exosomes can serve as biomarkers and

drug delivery vehicles, and play a role in the diagnosis and treatment of neurodegenerative diseases.

Key words: exosomes; neurodegenerative diseases; misfolded proteins; biomarkers; drug delivery

AN (exosomes) f&—Ff EH FLAZ AN /- WA 22l U0 A AN AINIA A B 0 485 it JFL AEC VU A4 %) L P
MR RE AR, BA MR SAMRIERS, /0Bl BB I 40 A (] B A P T AR SR 4 A, BR
HAAZ) N 30~100 nm, R 1.10~1.18 g/mL, &  HLEIBIERH T @B 4i, M5 A [ 4
BEAM. T8RRI ERS 2 P A N . B BIME B AT

Received 2018-08-22  Accepted 2018-11-12
"Corresponding author. Tel: +86-532-83780035; E-mail: ningsong@gqdu.edu.cn



440

1 MRy IRFIZA R AR 5

N Ah 2 IR TN 71 2 B FE TR B B2
YEREN, RN B R AR A — E AR R AR —
RV AN R 7Y o AEAE BRI AR, JR A2 )
PRI - A m RS Y, BRI, BT A
PR A% 40 I R D5 A% 40 8 AT DA i) 40 B Ak 23 9 i
L P AR R R L, HRIE. MR RHE
FAMIR . W], BEHIIN g H AL 38 1 4 i FE e S
HEHSE AR, SRR 19 2 80 44X, Stahl Al
Johnstone 71 4% =F [P 23 21 21 iy H W8 %2 2 B4 B s L 11
YR A AR AT A & (endosomes) f5, 7
i T E AR 50 nm Je 4G () /NE b, T AR 4E
P P 32 B B e A A s, B — o A 2 1 i ) 3
WA IR AR —— Ak B BRTINA, AR
2o IR UAIRAT Y« D P PR PN AR I 1) DA TR b 2R
JE RS i N8 (intraluminal vesicles, ILVs), & & ILVs
H NI FR 2 N 2 44 (multivesicular bodies, MVBs),
FFHUEH ILV R e K A B JERSE R 5
YU AH FLRRES . MVBs AT LA S 40 AR b5, 7
W AN ILV BPRR 2 Atk ¥ (B D). AFEF
FH 40 T 2 7 A BRI, AR TR T MR
J AR, AR A A MVBs b5 4 i R il 1
A

HMBARIE A — 251 5 IR & a2 DG 2R
1, 5 B¢ 2 [ (annexins). Rab ) 7. flotillins.,
W 4% 25 H (clathrin) ; & & A W B ARSI E H 1
(lysosomal-associated membrane protein-1, LAMP-1),
LAMP-2 SE40iis [ 8 1 DL B R EE B . 07> 722
AR SR iR (tetraspanins) H1 ) CD63 Al CD81 25— & 41
R P71 5 AMUAMA G F IR P AR AE 5 S T REH K
[ MHC 437 (Cn70 5 52 530 40 7= AE R Al )2 > ¥
I HA s O R R B R 5 T T B 1 I A 45
27 SRR IR A AT 2 A E AR,
R A 70 (heat shock protein 70, HSP70), HSP90,
MR EAEA. 5 MVBs JERUHRA Alix, TSG101,
ESCRT %5 & H LA AE A PR 7 5 H- i 1 -3- BRI
I (glyceraldehyde-3-phosphate dehydrogenase, GAPDH)
LRI SNBAA NI E A RHE T 30T
BrRitz Ah, AR N S E & A A R #0E 1) DNA
(dsDNA, ssDNA, MtDNA). RNA (mRNAs, miRNAs,
snRNA, ncRNA, scRNA) **% (& 1), fEiX LR
o, RERE AL DU SRR S A ) CD63.
CD89. CD81, CD9 i1 CD82, MVBs 5% [ Alix,
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TSG101, PYAER AT A 1A R AR 5% 21 1 flotillin A
FRERER (9%, 0] DUERSNB R bR L E A MY

AR RS AR B = AR B A A, R & A
AN kB T HAET sk E b & AR DR %
P U0, LR B A WA R A R S LT R L 2Rk
TR B (9 A0 HSP20 2564 '™ ), it /b 9% i I 40 i 7
AN IAMA R IS 2, 30 - L IR IR R el (2,
3’-cyclic-nucleotide-phosphodiesterase, CNP). i ¥ fi;
P25 1 (myelin basic protein, MBP) %5/ 58 5 Jii 2 fifg
fogn ks S bR " BRI, AMBAR ALK,
RO HAS R — BRI, e AT B 2 A I 55 S A
IREZT A 75N JH 40 L & Huh-7 48 2,
CHIAT 599985 X B[ (hepatitis B virus X protein, HBx)
it RIEBE R E A, BT DU AMMA R A A
S RAEREMAE Y fEE £ BE (lipopolysaccharides,
LPS). & % A T i J& #K L [X T -0 (tumor necrosis
factor-a, TNFa). T4t % -y (interferon-y, IFN-y) 554
BRS, BOIRAMAR . P B 2 R R 18] 78 53 48 A 20 vk
HIAN AR R B H . RNA H & KA E K
A DO R fibggg mv o S 57 F BebRa 4, B PR T
EA I B L, S5 AT DR AR AT A A AR
(3 R PR 2L S 43 A i 1

2 SRR EIE R

UOHT PR, E R A A A Ak T T i e S
WARRIIEFRE A, AR A N TUTRG, TR R T B Se 2
W ILVs, SR IEWIE R T MVBs. W&
L, K2 EANI Y MVBs = 2 2 5 i R Bl A B
fift, —iB5r MVBs 54 iERL G, W2k ILV
AR, ROFR A AN B (B ). SR, &
F 5 5 5t A2 38 5 Ao b L 1 B 2 e B A [\ 2 1
MVBs H1, K ik AT A2 B I A i o 73 Wbt 24 i 47
1), IXEAFIME. HILE K, MVBs A& RIS
AR ) SRR A
2.1 {K#TESCRTRIRZ BALFI

XF 3 MVBs M ILVs JiZ B ) 5z W i L 1) 2 i ik
iz BT 75 N AR 73 1 B A ¥ (endosomal sorting
complex required for transport, ESCRT) >Kf#R (). ESCRT
BLHE HRZ) 30 Al FZH R DY R 2 54 (ESCRT-0,
ESCRT-I. ESCRT-II A1 ESCRT-IIT), 445 HiAth AH ¢
B VPS4, VTAL. Alix 2. 7ERRRE -, Z&5 Mk
() 5 2> % ESCRT 3¢ & i fli3k. 1 %, ESCRT-0
[V BA7 Hrs (hepatocyte growth factor-regulated tyrosine
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Fig. 1. Exosomes-mediated intercellular transmission of disease-related misfolded proteins in neurodegenerative diseases. A: Early
endosomes mature into late endosomes, and during this process, they accumulate intraluminal vesicles (ILVs) in their lumen. Because
of their morphological features, they are generally referred to as multivesicular endosomes or multivesicular bodies (MVBs). Relying
on (I) ESCRT-dependent mechanisms and (II) ESCRT-independent mechanisms, the ILVs are formed by inward budding of the
early endosomal membrane, thus containing the intracellular components (e.g. PrPsc or neurodegenerative disease-related misfolded
proteins a-synuclein, Af, tau, TDP-43 and SOD1). The main fate of MVBs is to fuse with lysosomes, ensuring the degradation of
their content, and other MVBs can also fuse with the plasma membrane with the participation of Rabs, releasing their contents into the
extracellular milieu, forming exosomes. Exosomes might interact with target cells by (1) fusing directly with the plasma membrane,
and then transferring the contents of exosomes into the target cells; (2) being endocytosed directly; (3) interacting with specific receptors
on the cell surface. Basically by these ways, exosomes mediate intercellular transmission of disease-related misfolded proteins in
neurodegenerative diseases. B: As mentioned above, exosomes contain PrPsc or neurodegenerative disease-related misfolded proteins
a-synuclein, AP, tau, TDP-43 and SOD1. They also contain a variety of proteins, such as heat shock proteins, cytoskeletal proteins,
proteins related to MVBs formation (such as Alix, TSG101, ESCRT) and a series of enzymes, as well as cellular signaling molecules
and different amounts of DNA, RNA. There are a variety of membrane proteins on the exosomes: annexin, flotilins, and other proteins
involved in membrane fusion/transport, several transmembrane proteins such as LAMP-1, LAMP-2, and a series of adhesion mole-
cules such as integrins, CD63 and CDS81. In addition, there may be MHC molecules associated with immune functions on the
exosome membranes (especially antigen presenting cells). Exosome membranes also contain lipids such as cholesterol, sphingomyelin,

phosphatidylserine, and ceramide.
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MCEF-7 2 fifi% ) i1, ESCRT-0 1) ¥ 547 Hrs 22
STAMI Y, ESCRT-I ffJ & (4 T4 for TSG101 P8,
ESCRT-III ) 2K [ ¥ 547 CHMP4 ()45 [7] 7 % (CHM-
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P4A, B, C) ), HHiIE s 5 4 A A AR DG, X Lk
&2 SR A B b . k4, ESCRT-III
H 5K I & A Alix P42, ESCRT-IL i 44 # 5% 1)
AAA B! ATP il VPS4 (VPS4A 1 VPS4B) "% 5y
M) 5 A [ 00 L P 7 3 A2 1 2 o
2.2 MREITESCRTHISM MO R IR

— UG E R K B, RIfd % H ESCRT, MVBs Al
ILVs W] ATE . IXEEHLHIPE Je— 2L fg i, PO+
AR K 5L HSPs

bhtn, A2 Bk fie v LA 5 P e R 1) 2 S ) Py 1]
FATE R ILVs. 7R/ SIS R 4Mary, e oM 1
A Hg i 8 A (proteolipid protein, PLP) 7E ESCRT #{
i Z S5 RGeS 1w Sl Bo (B G B 4 ) o
P B4 IS (neutral sphingomyelinase, nSMase) ] 7
S 0 22 B e 11 A /b, A A (1) A= ol B 22 0k
/b PO AR RIS T A AR (0 A B A T e
22 Tk e AS AR5 ESCRT ). [RIRE Y, B IS B D2
(phospholipase D2, PLD2) {5 fif iz T IH B K ik >y 36 A
fi%, 83§20 ILVs 1] P 19T 6 AT 5 M A0 6 4 1) 2E
i P, #Z, nSMase F PLD2 iX i Fh fIg 48 it g #5
P UE B AT DALE P A IS B A R IR 2 (b 5 e e D il
REER ), AR5 75 5 N U () PR 1) M B Py B, J@ e —
A ESCRT [IHLHIE & ILVs 2, itz 4h, 6
A — LU IE A AR IR 43 W S AR R A OC B
flotillin-2 *, U 4 7 48 Bk f& 5%k Bk 72 CD63 B 5
CD81 P, # ik 5 2 (1 [F1 P54 (heat shock cognate 70
kDa protein, HSC70) "> 45 3%,

3 ik EY 53

MVBs fEA BN LG, AMARE, —
MVBs 5 i g & A1 &l & AT & AR B Al 53 —#8or
MVBs # 3 EM IS5 2 /e, ¥ MVBs NI
ILVs 73 W4 H AR, T2 Ak . iff 53 B, Rab 82 H
ALV N- £ 3 B e 1 V. Jiie S50 1 DR - B 5 L 1) 2
F %2 & (soluble N-ethylmaleimide-sensitive factor attach-
ment protein receptors, SNARE) DL & —SE4ffifd A 731
TEAMIMAR S W R R ¥ T B EH

Rab 25 /& —F0/) GTP i, B REMEHIT IS
MR AR SRS SN IR, $E
g 25 BETE DA B FE 02 i S ik AR B, M0k Rab &
H & MVBs [Ii5 4 i il & ) B 2R+, /£ MVBs
S e i b AR T EEAEH] . B R IE
I 5 2 AR 5 WA S 1Y) Rab & (/2 Rabll, ‘& LA4S
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A ) 5 A 33 T MVBs 55 40 it JIE i) %t 22 5 b
& B N AR K562 41, #H] Rabll 2 {f
GH YR AR, BRI E ¥ A HSCT0 [
AU A oy vk R D B fE AR S2 i, A
Wnt-1 f{ 4R 533 H BRIX — i 72 75 22 Rabl1 FI5E
fil & % [ 1A (syntaxin 1A) ]2 5 P, Rab35 5
Rab27 ( f14% Rab27A 5 Rab27B) 5 7£ 4 s 14 () 7
WIS RIE T — e EH . H GTP Bgius & TB-
CIDI10A-C ¥5iH 1L Rab35 448 A EiH 1L Rab35,
) 2 T 58 5 240 M o 2 A B A PLP (1 ANIAA (1 43
W kb B, ] Rab27A, MVBs fAF B 21K,
1M Rab27B, MVBs | 24 /73 #i 120 i 4% & [,
AN gufapEf s ©. HFEE D], Rab35 5 Rabll &£
B 59 NAE (early endosome) FlIFHAEIF A 44 (recy-
cling endosome) #3%, f&4#i Rabll 5 Rab35 43
AMIMA AR A 2 A flotillin FN— SS9 FARRR 2 (1 (
Wnt. Try £ ). [fj Rab27A 5 Rab27B I 3= Z 5 %
2% WK (late endosome) A %, IR AR HSi Rab27
520 MR B2, AT i R 4 T A U P AR
(4 CD63, Alix 1 TSG101) fIsh ik 240, ithz
4k, Rab7 BiE M 58N FRHI %, 25 T MCF7
o8 20 M Hh 5 Alix 5 syntenin AR ) 43 B

SNARE fig 5 2 fii /N4 #H 5¢ 28 [ (synaptosome-
associated protein, SNAP) 7 J5 14 25 1) 2 M) i B2 &
W, TR S R A B AN SNARE fig
B VA AS R B [ S A 3l o AN )40 Y ) —
SNARE ] 200 B2 A0 0] e AN [A], 49 4n 5 SR i 41 i
G Wt B [ AMBAR 5 W X — I R A A
YKT6 (SNARE ZE [ [—Fh) 125 ™, ML
% MHC-II 43 ) HELA 48 fifd 81 YKT6 £ 4h
AR 2 W BN, $R7N HAR AT B A AN A 2 A 1Y)
THIR R, BT 48 Rab 5 SNARE 4F, 4 it A
(LAt o3 AR 23 B AN AR B ik, LA B B
X W15 & 11454 & [ (cortactin) 7] DL it 5 4 44
PNBIE . B EFXEE 2/3 E6174 (Arp2/3
complex) #H H.AF K511 MVBs [#)iz % LA 2 MVBs
SRR e AR B s fEIG R, R, V-ATP
Wi ) VO E L E] RE S 5T 7 MVBs 55 41 Jifa i il
i ™,

WFFCAUESE,  7F K 22 B0 A AM A P 23l A —
NERMEREFE. dak, A — e 25 ] B
Sy W, HEIn T KT, B k4R e A
R T RE WD MR, 229 T #REAM T
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2 P Ji B2 44 (T cell receptor, TCR) #% WG J5, 2
%5 T 4 W K& S TCR/ICD3/zeta H 44 (X
Fx CD247) 4k ik ¥ 5 24354k B 40 iy 5 Bt S5 45
F i CDA'T 4l fi 45 & (engagement) i, KT & H
MHC-II- it J7 Ik 52 & & (pMHC-IT) [ Zh WA 44K 73 W F
AT R:  TIVAN T g ) RS A E A
Ktk CDA' T R AIAH EAER G, Sl 25
A MHC-IT {4k U7, FEh iR ME R5 N, AA
SR B 40 TR D RIR R ARG, 5 S iEd A
O F ) NMDA F1 AMPA 28 5 B2 2 AR A% 2
ST AT N A I R R A AN 43 45 i B,

4 SRR ThEE

A AR AN T DLKE 4 i P 22 4 0 ot HE L 2
Gb, ] AR R ER A AN [F 40 2 T8] ()45 S A8 iR
e 4 U H 240 JRL PR A A T DAAE D A TR A2 i ) “AF
7, SN A FDRAS R AR B . #E Mk
e 3 BT, — R 0 MBI F 7+
HEEH T MR R Ak, FRANEE S 3 SRk
PR R BB R R o 5 A —Ff ) Ay bl Ak P 3
AR 3t N LS R, AR T DL I - (1) 540
JERLA, MEA. RNASERSEARFR : 2) &H
FEUIEE AN FERANRS, ¥ LR e s
R P (B D). IR ARG B ARSI, A
&z 512 M. B kN T, PR 2
A0 AL B 40 M AE S sk I S A PR IK -MHC 4>
SEYRIAN AR, WO B, T 40 i 7= A= G 3 1o
2 B0 XA RS, MG R AN RS
WA 2 A -1 (synapsin 1, syn-1) f4MNKE, 7E
AR ST, AN AR WA Y syn-1, @I P
VAR 20 70 55 490 40 J o 44t M T) P A B AR FH SR A1 st o
LU AR B D IR R AN 43 WA ) A b
&G RERS PLP, Ref8E BRI Ot AR T R ¥E— €
VERT 5 BAh, 790 I 57 £ 0 23 b B A A A 3 55
oM R % IR A0 RS S B R, AT R
—E MR U

AR, KB AMBARAE ST SR T LR
AR I A Ak B, AN IAASTE g8 (1) 4 g 0B iR
HORTE T HEAER, MoEanie, JulE B AR
JH R0 55 i B Vs A M, BR A% 43 WA 75 4 FasL B A AAR,
W5 T 400 ER Fas A1 BAFR KBS T 4T,
T S 00 e 988 (1 S g 9k 6 B0, bR 44 R 2 P il
PR AT @ /> NK 4H. CD8' T 4 fiu 2% [fi () NK-

443

G2D (MR AES th C BB EE I —Fh ) Rk
S A Jir 98 S B G 9% 1 R < PR 4 I A W I R
NKG2D B A4 DA A PR (4 TGFBL) 4R A Ak,
RERS B2 NK A0 BAEH, f# NK 4 f CD8”
T 41 f 11 1) NKG2D ik T, M BE% T NK
YA AN CD8T 40 il Bl A G i e 11 & B4
R OSCIRIAR S TR S 43 il () M IA AR IS 55 8 1 2
et o< P B R, RER40 M5
WRANIPR, REHEEARMESER, ekt
BEANRIE K E S H AR A 200 B EL AR 1 88 5
I REHE W A% B P A IE R 40 PR EL, 41 Y 1 Sre
HAFEEER Se i — N EAR, BARA
PR B S P, E R AN e rh s R VR AL T B R
1K) A, R R 0 Bk e 4 0 R S100, A
Jieb R 41 B P B R B e Sl . NS A A R aVBS Y
AN E T NB AR, X — R 5 R AR
IR ERE AT 5%, TS 2 a6Bl Fl a6B4 MI{E 4P Ak
SEFBENEING, 5 iR A < B TR
2 1 o9 240 o A 1 A A R 5 A TR PR 4
R DR 290 it 5% H AL o 47 A A S et P PR e
FRHAT N T AL EE, HEimadiak CD8™ T 41 M s A%
R0 A, $Eo A ARt AT BETE SR AN S IR T
Ji TR — e iR B,

HMILRIE Y RIS A A 20 DL Al AR
PR T B EEAAT KRR Y, RHEEKE,
AU A8 15 71 S0 B R AE 40 R - 4R TA) . AH
IR 2 (g7 A, Ho 2z nr DLdnd i fix b
WIS A N RSy, X —HREVE R UE B S A IR AT M
FR R BERER DY,

5 S SHEIRITERR

WFFR R, BOw I e 7R 40 I - 40 P A 4%
o B EIRIE T U 280, SRR G rE i 4
JRA¥IA (transmissble spongiform encephalopathy, TSE),
A& Ml e B 51 R I B AR Bt P 2 R R
53, 4% 2F 9% JE W (Scrapie). A5 E & 95 (Kuru
disease) 5 A 25 73 M (K9 (Creutzfeldt-Jacob disease,
CJD) % i 8542 H—MET R I & M it 8 E (prion
protein, PrP) 4 ). A &5 e 7L 20 P 1) £ A b A7 A2
1% PrP 254, FRA PrPc (prion protein cellular),
PrPc KA RITE, A AL 75 1] PrPsc (scrapie
prion protein), PrPsc f& 4% M — i 1% 3k 2] 55 4b—
N, PR A RIT S “PT7 (seeds),
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PrPsc 1 41 ffl Py 1E & F) PrPc 45 #4 & A28 4k, A %
PrPsc ", ‘e A DU i AP, SN
fRIREAHL, #— B NRINAME RS, 5 2EIE
HHRR A2 5240 Y, PrPsc AEAN 2 TR AL R AT B S
AN ()% ik (cell-cell contact). FEIE 24K (tunneling
nanotubes, BV H LK — PRI 254, ] DL
AR Bk 100 nm PA_E 4R ) B 5.

1997 4, Schidzl 25 N\ VLI, AAREFRIT
e GT1 20 Mo bl ~F P i SR gL J, Lot il 3% 97 ik
B R H Al R 40 ) RE /), X SR B PrPsc AMY
e 0% a8 Ik 20 PR - 4 B B4R R N LA g B, LR
SR oA BIAR AN, DL—FloHr i 2L 40 i 1A A% 4
Ji R UE S 52 05 BE B A 1 40 L R A% 4 WA 7 PrPse 5
PrPc, fEJEAS. AR LR E B A s B
G UAMA R H AR B HSC70, TSG101 55 % Fi4h
WMRFRICH) N, AT UE BH SN AA BT A R — o
[¥] PrPsc {4 #& # & . & T & #% PrPsc, Ah {1k
FRAE T — AN PrPe ¥ 745 5 PrPsc A FIA 5T
PrPc Hl PrPsc fEAMIMAN & £, TE AR =ik 2,
R “Fh17 1 PrPsc B 5 T3 PrPe, f2idkst
WAMA N () PrPe [i] PrPsc #5738 ),

SRS UERH, FEFREIRAT MR R AELE I o i
M. B UEMFEE [ (amyloid B-protein, AB). tau
EASWEENR TSR, R EAn - 4R 1L
&, I HEEPERFSFARE VIO X P e 55
FERI AL FEHLH (prion-like mechanism) 7] {8 /2 K% %X
B ATYESR, Wil 4 %% (Parkinson’s disease,
PD). B[ /R ok i#E 2R (Alzheimer disease, AD). JJ1Z
45N Z g4k, (amyotrophic lateral sclerosis, ALS) %5 &
BRBURILE] .

5.1 PDrho-SRMIEE B SNk

IEH ) a- RAZE B &M 144 DB R
SRR E R, BA S THE TR AT e
SRR, ARHEDRE T, o M EAA
FFREEA, sk, FRIE. RAF4efst
Yk AR08 Ro M 22 D AU, O8RS
AR TIRE . 53 A 0T D SIS, T Jd s
AN A, L R I S SR AR BN N A2 a-
Rtz E O EEREAEA. £ PD Y, REH.
T PR AL 1Y) a- 5% il 1% B 3 72 B B /N AR ) 3 A
FOB BN A2 PD 2 R REA & 00 T I % O
MU 1 B T KOG 40 i 9 B R AR P LA 2
Ak, KB BIHEFR I o- SRAZ & I 40 (8] 1% 7
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et R R T EEEH. £ PDH,H o
Tl B 1 e g% I M B B MR R B e 8 IR
ST IR B R E SR T A%, W I
T B0k B BT T ARG M AN R I TR o 58
iz E AT LLS AT N o- AR B R EE, H
B R ANZ Z A At 1w U 7R B A R ROR
o IR TAT N o- R A A% B A A e R R B X
TS A a- Rz B B A 4eik, JLANHE, =
F HB B % 75 A IR AR 1 XA O %2 2 8 R AL 1Y o
SRl AZ R A R LA AL U2 7, X SRR 4R AR K W o
R i A% £ AT I 22 e R 2 78 2 i 5 4 i TA]
AT Weos B A PR B A% 3

o- RAZE OB AMpI G, 206 WM
AT TR o- SfiZ E E A SR (A A )
T o- Sz B 3 7Y, PRI R S AT A R AT
TRHUFF 5 AR M = AR s S AN o- Rl % 2R

RE. WHBRNE RS, BB TE—

RAVdn s 7 RS, AR T o
Rz B H SRR KU, LM IME T A E 1) o-
Rl T T R AR SR D) i FE AR B, AR R R
W VY, U AN AR RN O R M L T 2 R s
o- RZEAERME, %k EFHEITNT o
Rz & H R AR, RN o- R E
H AL FE

AN A Y 5 R XoF T S 24 ek X AR A A 2 DG E
B, SCISUER, MBS AL, BRIR AN AR R
JR 5 ¥ 2 B S B Jm, AT DARH 1 SR 48 i Xt b i 4
OB E T, 5 B 1 S 45 A4 KT A A A P £ - S ik
ZEOWAEBEZNRYEM . o DN, LT
T B LE 0B (cerebro-spinal fluid, CSF). IfLyk Al1ZH
LR ) o- Rz EE, AT IR N 1) o- 5 fi
B A SMME R R AER, AR G hh 5t
HOERT 3T/ A | s AN Kl IR N
T AT R EE RS, T AR R g T I B I
%7 (molecular crowding effects)™), MK R] LA o-
Rz & H R — AN B A SR, 1§ a- R
filiAZ 8 AL T IR BEIRAS, AT AT AR 3 o SR fitk
MEARRSE. HEENE, JNMERRTE A IR R
(BEAREEARm . BEARIE 22 2R . WENEME O BEle. %
PR LEEAD #2245 fiF GM2 R GM3 %5 ), & 11
pH &R =0 T REL B RR ELEWEH. s+
WA R R 28 K 22 HR0E T A UE BH AR 2 e 5% - S AR
EARRELRE, HZ T GMI 5 GM3
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TR o- F3 A% 2 R RAE Y B s S B T
W VR pH B X T o R E A REDRE
EHER .

£ PD H1, 7z R E I E R R G0 B I A d
% (%) T e B b 2 (5 1540 B P B iR 9 2 1) B 1 o P e
e, BEMIRRE T AR T SR SR A B S EE DT
N, IR SH O T AR EIET: B TR
TR I I BRI FE T AN AR T U o Al R
H oy it F R KR, thln, 2538 4F A el 3
DRI 3V 1T S B VA B AR (1) T BE RS, S H -
Al B 1 R AN AR 4 u 1 i BT, T i S
ek MVBs 5 B IR R fLE, sl &H o Kb
VB AN 430 BT 5 T B R B RIS R AT S )
PARKO FIAM A A W) RAH O « DAAE B FE 28 B,
PARKY %t [A [#) 2845 1] L 5 5 Kufor-Rakeb £ &1k Al
/04 PD ™, PARKO = 7] UL G BUA B A D) ERE
TG0 o- Rz AR, T PARKO i ik 0] PA
P o- 93 fil i B (6 T A p SR AR 0
SEORWE TR, MM T ESCRT (1) 4h b A4 i i 75
% PARKO ) 1E B, PARKOY fig % i it 5 ESCRT K
A EAE F R MR I A= P & e AT 38N o-
RAmAZ R A W 0,

7E BT iR K ) 5 ESCRT-III fif {7k #H 5% ) AAA 7Y
ATP [iff VPS4, DL Rab KK 72 Rabll ¥4k & 3
5 PD Hh A b AR T R o- 28 Ml 2R 1 W K.
VPS4 SRAFAMETFI T o Tl 85 1 170 5 B A4 114 2
sk, AR T o- RAVZE B W, KR
T VPS4 T HE R a- FR% B A A 23 58 AN AT
S U E LR 2, WI RS PD (1) 4H i [a] (195 21
FEREAHOE Y, T Rabl1 3 %A £ 52 o- 2 fih
B (204E ) BREMRK 72 It HIG N a- SRAbi% &
SRR 430 P2 B2, ANB A o- A%
B I B A A P o- S A% B T (£74E)
RERTIRD IS, XA T — P i A A7 AL
i, DR A A 52 8 A o SRR R I 5
EX — B B AT DL RS a- S Al k% B 1 1) ) R B 45
By #. W70 B, 1E R R H 4 d
Rabll BB 00 M o A% &5 20N 2 LR RE
2 TUH AR ARG I (A () 4 i, X427 7 Rabll 7]
BEAE N PD IR7 O 7 B i P2
5.2 ADHABFItauFE H 550 iME

AB YLAR 51 L 1 2 4R B [F] tau 5 51
LT Y SE A NN T AD R AR B K
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B, H tau A5 IWE R 445 R A AR
AB AR AR 2 5 P, AB AT LA tau B A R
i, tau 2 (] DUAR AR 7E 28 fil b 2 1 P,
tau & A AR fEDIRE ERTRE B T RIVEH

AP RIEMFERTA S I (amyloid precursor protein,
APP) 2 B- £ B A1 y- 25 1 B 00 E FH S TR ) 7K g
T, AP IR AR I B O 1 i o 450 DO AR g T
EEZERE, MZERENE AD by & M B 4540 P,
LV TR R, SR HE ), 2R AR
FEGUT R R PR E R o LT AR 1) 245 A A0 Ty REAH 5%
I X P, $R7R T IX R0 A B AT REFE AN Py 40
[ FE k. RS20 5 R 7R SCEG IR, ik ) AR
Al RGO B A o- S R 1 — A, HIE RO AB
REWAER “FhF” FSHATALN AR RE D,
¥ AD Jp3 NHT B2 B ST 3 fa I RIS, TR
3 HUER ) APP 5 B R /)N R i B AR FGHT K i, 5 4
H G, R /N RS R -2k h K & B
AB S NI EAERE DY AR R T IAEAENT
T AP I RE R REE, M H AP JTAU AT LULE i (1)
— XA BN, AP HER A K P

£ AD ¥ 20, fEE RE 5 IR A G
IEE [ Alixo B CESE AR AT i A A4 7 41 ff b
iz, 7E APP 4 B- 2R (IR R TE K AR HUGE FE
— /N AB ik E] T MVBs i, BEE MVBs 5
Y B B Rl s B 2% DLAR A AR 1 TR 3K ) 8 B A
WU, SRR AN ES IR, AD 9% A CSF I ik
(MR R I 2] T APP 5 H A iR 2 4. o EE
R, MBS 5 APP A& Al "™, R
APP [ 55 [ B g m 1] DL AR AE A Wl A4 1R 1A 53
. 5 PD MG a- SRfilkx S AL, MR T RE
9 AR ISR TIREE, AN R R A 1 T
GM1 FJ LA S A R4 ", Winr prid, Ahi ik
[¥) 43 W4 %2 | T nSMase2 (45 "™, il T GW4869
] nSMase2 ¥ P T 0 SN A A K 73 36, AT LAASE
% SXFAD AD 52/ B o (2 AR DE R R D, I
PRI AN TT CLEE AR (SRR ZE B ™

WH MK, A AP BIFN AR 7 W 7E AD
R RER B T ORIIER, s TT b B AN A T LA
et AP IR BRI AR, T R B B UE B FE 2R 1 i 41
dt, BEJEWNR AR, A s iR A
B A A9 an it 3 A WA A4 73 Wb AT R2E AR H /N 22
Ji2 T 4H MO B8 H, ] DL ZE D AL Y AR I .
X G 1 4 52 B 1 5 SR AR A R A T IR
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BUk, AT RESI S AR A & PR 8L, AT 4s
J& B 240 B s K A R T

Tau &5 H & —FA B TMERER K EA,
TR 1Y tau 25 (A7E AD i A I R 48 Ji 21 4 g 2,
H w1k tau 7£ AD Ji A\ CSF H 1) & 5 B S /= T4
HEZH U, #E AD 1, tau R (A R B S HUEILAE N
WLRZ 5T, SR e AR RS X, B0 B T 1) 3 R ot
X U7, B tau 2R (AN AR — A7 78 2 05 B I DA
(R I) 8] 88 A%, {H & AD 1 tau 5 BEPESTRL S AP
HE OB A AN A I AR o5 U, AB 51 AR A 41 i
ANGER FEDURUN T PD #9340 BRI = A+
Sy BT, (H2 tau B R R P 8 £ 4 2 45 1 R
KA LTI LA AR RSB, XT AD B2 A
HEE X EAN tau ALK, DLEIRA
PEEUR) tau £F 44, Al iE S IR A0 R Y A tau
FERUNR " R tau FEARE. WL ITHT tau
WA P 3L B¥Eaw, nLME tau &
7 S (495 205 b S 4 (B A i ( R )™M
5 AB AL, RIE ) tau B HREAR R RS
A AR 3 TE 5 440 B P 09 B 1 AR Y

Tau 25 [ A7 76 T i 18] 5 ¥ (the interstitial fluid)
A CSF Z54& NI B 40 A X I, HoA 4 [a] A 1Y
FARHh S0 AR IR B & A tau £ [ (1) 444 1] LA
TEAPZ TCZ [ A4 U0 12 190, SRR CSF 4k
IR AE RS AL IY) tau (AT270), HER A B BUR
AD i A1, AT270 & &5 T4l M. 78 AAV
JREETF tau B O RA N R R, F AR —FF,
TA tau T A A A BEAE 1 /N B 5 4 AR TS
AELTR) R /) Jig J53 248 B A, ] DASER ok 4 il 40 A A e A
tau 2 H . H H nSMase2 #)1i] 71l GW4869 1 i /I i
JS AR AN AR R A S R, BT M R tau By AR
Wi AR . tbAk, AN PR MGE AT DA E AR A
tau B H KRR E T, BEfE WS A tau SEE AR
o N N TS i S T i
5.3 ALSHTDP-43F1SOD155hih ik

ALS 2 —M L b, NIZEh & et o B
Ef#P 22 B AT PE %, LA TAR DNA 454 8 H 43
(TAR DNA-binding protein-43, TDP-43). # & LY
AL 1 (superoxide dismutase 1, SOD1) 255 H i &K
AEE R T B I IR AR T AL TR A O o B B AR R AE
AR 1) £ 22 1% 77 18 W O TDP-43, {HiLf /D3t
A E B [ 4N SOD1 B; FUS (fused in sarcoma/
translocated in liposarcoma, FUS/TLS)"'?, ix Lt/ %
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MEMEARAEAREHGE, REEHR ML,
IR WO AL R, RS IEEN
TDP-43. SODI1 %8 AR AM R ITE, Bl
(1) SOD1H46R 5 £ 4 e % it 1k ffa &b 43 Wl 1 5 =N AE
Y (AL HE, FERENS S S 41N IE R 1 SODI1 &
oA U SR AT RE A ALS (AP SR A £
TEHHXHE R G AR RRY B Rt . B AR 41 i 2 [H)
AL RENLE M AR A 2, (A AR IE, Xk
SRR R8I0 I A T 4 M B R i A,
AR, FEANMZ AL R 1

Ding % N4 | ALS-FTD ( U901 R4, fron-
totemporal dementia) CSF 4ff ffi 5 F2 A Y, 1IE BH A%t
RUAAN ATl #5 4h 22 i SR U251 4B N Hi B TDP-
43 RS, EAEE IR AN LA 1T 3050 A T
% [#] TDP-43, MIMiiER] TDP-43 fgfg LU b4 T =
TR MR AE B 0 FLRFF T SR R AL ALS 5 A ik 21 41
rf $2 B A WA A4 23 4 Neuro-2a 4H il 9 3 ) TDP-43
HF AL P BT TDP-43 4b, B —FhpBIm A E
1 SODI1 [ 4& 4% th 5 4 s A AR 55 ', Silverman 25
NI, W& RYT & SODI & R AEMA T
NSC-34 iz 3l il 28 Tt e 8 LA FE U (1) T8 2 v i Ak 70 0k
— /NSRS HT S SODI, Z40HT, IXUCTENLE A
TSG101 Al flotillinl %5 £ 4 WAt A5 ic, AT HIE B
T EATRIET AR A i ik 1

FEAR IS, BARTE O E0%  AAAR E A
o HASSO 2 11 PrPsc 3 E 2 1Y, (H oA i e
ZIRATHERMBE I EORE A, a1 PD ) o- bR
M, A R — /N R o0 2 38 i A WA O 1% ) ik B
P Ak it U 1250, AR DL AR A AR TR 343 ik 1 B0 B A
R /D, (HER DM, LR E A,
DR LA 0 a3t e P RV LS 25 220 9,

6 JMEREYIRRIESRTTIER

FH GBI A R BT T & IR AT
P g 9 B 3 2 5 2509697 OGN E B, 5 CSF.
ML B AR B s L B g AR R b Y, W
% W 78 B v T DAAN I AR X 20 9 1) R 1 SR AR A
DR ANIAR BE RS AR5 BT S W R B A, L5
SERRI D ThRic SRR E A ™Y, X EF A
SAAE CSF A3 i ik H AN AR J5 REWE 34 HE A
PR AN TR, AT 0552 Ja) B Hh MK o 8 28 58 11 9 1
s P, SR L, PD KA CSF H o- %
fil k% & 3 R B U, i R AL AD R A\ CSF Ah ik ik
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H miR 16-5p. miR-41a %5 JL A5 RALME S1L1% . 4H
Ji 98 T2 45 A ¢ 1) miRNA AH B F X IH AR K %=
S XK HA CSF ESW A AA —E M. H
BT CSF fEi2 Wranisoh BRI, drdpsk, T Ml
AN IR R TEELAS T A AR B . AE
PD J5i A B I3, ) 04 28 40 B R B 3 L1
(neural cell adhesion molecule L1, LICAM) HJPiiA4s
SN KRR R G AR AN, IS RE
MR, ShRF I o- RZEA S EN M, H
55 e AL AR S U7, PD i A LT TP A A sk
M, miR-19b Fif, miR-195 5 miR-24 Fiff ", i
£ AD 5 NS ISR A, miR-135a FI miR-384
(f¢r & 1, miR-193b T %, 3% L iiE 47 2 0 1l
TS R DR S R R A Rt TT e SR A AR AT R
o 2 W AE R R .

IR, Z IR TR AN IR RE IS 1 N 2 1%
I HPET R AR . R RIR BT AR GCRR /N
By, SMLRRENS B i bR R, TR 254
FEME &g PP G0 FOK A AR TH Y
LAMP2b 2 [ 5 3E K955 75 9% 25 [ (rabies virus glyco-
protein, RVG) 455, AT A 45 S A 14 BEHE [) iz Fi 1)
s, M5 BHR T 71 GAPDH siRNA J& i 41l
(v s e | W A E 2SI i
RNkl ik SR 3 el N S ZSE /S SN (Y
WA, AMERENE CRUE YR IT G, R4
B AYERNIEIA IR E] . EIEH /MRS S129D o-
Rtz B L RN R A R B IKE S S a- R
fi#% 85 H siRNA [1] RVG- #R A, 7] DL 3 /) B)
Wi a- SR filAZ B H 5 mRNA B 5 a2, e
HH #5717 o- R i% 25 H siRNA [ RVG- 41 WA 1 e 0%
AR JE N B A, I8 o Rl R AR,
RIE—EHEITER U, BT i2i% RNA, Shisik
] DG i A S, LS i 25 245 (1) 7 =i N/
B S PN I ek ot i o s B 2 R, S8 0 B  )
FORE IR NIRAE (R4  e HE 2% PD B i 1%
HMIAARIE AT H5 5 /N o 1R T 7 22 1 2R IR i 5
BENI,  DAAMIAMA 9 #4418 Hi 22 5 2 Re g 14 n =2
BRI, Rtk VA, DaBGY
177 N5 RE 0 W42 B LPS 53 A2 1/ B
0 38 8 i e o U7 P, X BBIE S R B, AR AT 1
A R LA s AR, 8 2 Re v i i i s 5
NI FRAR 28 58 0 s EL A e 235 AR B ) M P o

VE—Fl B 2 PRI = 2R 1) 4K 00 Y 2830,
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SMAZ 5 TR Z MRS RS, 5 2R
RAENMRFEEAT 700 FEMZIBITYERIRF, Pl
IRAE SO & A WL R T ks T AR, i
AR WM AR SRR AT PRI Z TR G AR
X ZIRATVEBIR 2 W ANG T B R L.

* * *

B« AZEAZEK QIREEEESTH (No. 31871049,
81430024) AT [E Zx 2 K 2= 4= @ Gk Il g H &1 1t B
(No. 201811065012) % 1.
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