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Abstract: [Objective] This study aimed to investigate the therapaeutic effects of rabies virus glycoprotein (RVG)
—modified mesenchymal stem cell-derived exosomes (MSC-EXO) in a mouse model of obsessive—compulsive disorder
(OCD) , and to explore the underlying mechanisms. [ Methods] Primary mouse adipose—derived MSCs were isolated and
characterized by adipogenic and osteogenic differentiation assays and flow cytometry. RVG—overexpressing MSCs were
generated, and the derived exosomes were characterized by nanoparticle size analysis, Western blotting, and transmission
electron microscopy. An OCD mouse model was established using quinpirole, and the mice were divided into five groups:
control, model, clomipramine (CMI) , MSC-EXO, and RVG-MSC-EXO. Compulsive-like behaviors and cognitive
function were evaluated using the compulsive checking test, open field test, marble=burying tes, and Morris water maze.

The levels of inflammatory cytokines in the mouse prefrontal cortex were measured by qPCR and ELISA. Microglial
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polarization in the prefrontal cortex was assessed by immunofluorescence staining. The brain—targeting ability of RVG—

MSC-EXO was verified using an in vivo imaging system (IVIS). [Results] RVG-modified MSC—derived exosomes

exhibited significant brain—targeting ability in mice. Exosome treatment significantly reduced compulsive checking and

marble-burying behaviors in mice. Exosome treatment decreased pro—inflammatory cytokines and increased anti—

inflammatory cytokines. Exosome treatment promoted a shift in microglial polarization from the M1 phenotype to M2

phenotype. [ Conclusion] RVG-modified mesenchymal stem cell-derived exosomes can target the mouse brain, alleviate

neuroinflammation by promoting microglial polarization towards the M2 phenotype, and ultimately reduce compulsive-like

behaviors in OCD mice.
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R T R b XL A7 A A 7 i 3 R DG X
(B | Fe il A SCRAR) 19 53 A, T 55 24 b, b 3R
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M VKD R G e igg . s 2C-D s, 2
HMIARTE K 5T | el SCIRAR T A S A, BAREST
MSC-EXO, RVG-MSC-EXO 43 fii & I g % £ (P=

0.034 3, P=0.000 8,P=0.008 6) , X#/x RVG A] fii
CARVALNGER S I A EBERN 2 EE S N R

2.3 RVG-MSC-EXO 34 fr fT 1% #7 2D B it %5 4%
A/NRSRIERE R R IEIEIT A

WE 3A 7R, FRATTREINERAEAT Ty 2B i h g 2
INEFIAT R R IEAT T 0 M. W IEL 3B, FE 1 A5 5
G X 45 A1/ BRE AT L 2R SE 5 (F=6.714, P=0.000
4) , WS L A 5 3 I /)N B BRA T Ry ARG X6 B2
/N 22 (P=0.003 2) , TiF BH s itk 25 4 4t 1) i 30 K
AR/ A AT i AT R . iE CMI(P=
0.028 3) .RVG-MSC-EXO (P=0.000 2) . MSC-EXO
(P=0.036 4) J5 #3147 K A B E& W . sl 3¢,
i 1 SR ZE Ty 22 40 # (F=3.181, P<<0.000 1) , 33
it Tukey’s 2 8 [LA K 55 (Tukey s HSD test) & 21,
4 2 MBI 2 175 5 5 i 3 E /N B, DAER 2 I e
(3 R)ETHIHITA (38 K), KR T
homebase 5 4 7K & {9 B 1 35 R F X BR 2 /N R
(P<0.01). X UEH ML 275 5 1 S AE /) RS A
AT R E AR AT . 38 KE, TEKE
SRR A B %o B A iR 3 i /N BRATS PT 4 222 10 d
5 38 K A RE AR, 1 R # K 9 MSC-EXO . RVG-
MSC-EXO DL J CMITAL /N RIS AE 5 J5 A AN [A) R B
5 30 K AT P /L o AN T MSC-EXO 41/ B, RVG—
MSC-EXO 215 CMIAHACR W B i 2. RVG-
MSC-EXO 41 M55 39 K B FF 4 7= A= i 36 7 Rk
(P=0.001 1), H J& 22y 38 K A 0T LA R R B
TR, 2147 d T FEZE X IR 2H (control sucrose ) 7K o
MSC-EXO 417 7 5 J ) 205 0 G A T Rt
{HAH#E RVG-MSC-EXO 21 2% , 1 24 49 K (T
SR 10 ) A SR 4 N A G2 2 7 (P=
0.0026) . CMIZLAE R BHPEXS M4H , /R T R A4F
FIRTT AR 56 43 RIF UG (GRS E ) RIS A2 /)
B g7 22 5 (P=0.017 1), J5 2225 S5 5 Wi 1
K, 2547 d B FEZE N B2 (control sucrose) K F. I
IR 25 B4R R AN AR K CMIT AT AT 32 7 Dk /0 g i 2%
B /)N U3 38 K A 8L, H RVG-MSC-EXO A 97
SR T MSC-EXO 4. .

WA, o T HERR Az BT SR (WL /ALYE ) BT 801
AR KBS 57, FRATTRT I i B v 25 4 /N BRI T
FERIBEAK LA KoK B i b AT 530 o 53R o, #5471
BRTE i A B () s AR 2K TH FE i (F=2.471, P=0.062
5) FIVE K IH FE = ¥ JC B i 22 5 (F=1.644, P=0.185
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A: Microscopic image of third—generation adipose—derived mesenchymal stem cells (20X ), scale bar=100 pm. B-G: Flow cytometry results of
adipose—derived mesenchymal stem cells: CD45 (B) CD34 (C) CD14 (D) CD105 (E) CD106 (F) CD44 (G). H: Oil red O staining after mesenchymal stem
cells were induced to differentiate into adipocytes (200X ), scale bar =50 pum. I: Alizarin red staining after osteogenic induction of mesenchymal stem
cells (200x), scale bar=50 wm. J: Western blot results for stem cells and stem cell exosomes. K: Particle size analysis results for RVG-MSC—-EXO and

MSC-EXO. L: Transmission electron microscopy results of RVG-MSC-EXO and MSC-EXO, scale bar=50 nm.
1 FHAaR Sh bR RAE

Fig. 1 Characterization of mesenchymal stem cells and exosomes
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A: IVIS imaging of exosome distribution in heart, liver, spleen, lung, and kidney at 24 h, n=3. B: Quantification of exosome distribution in heart,

liver, spleen, lung, and kidney at 24 h, n=3. C: Exosome distribution in cortex, striatum, and thalamus by confocal microscopy, n=3, scale bar=50 pm.

Blue: DAPIL, Red: DIL. D: Quantification of average exosome fluorescence intensity. Data are presented as means + SEM. *P < 0.05, **P < 0.01 #**P <

0.001, ns: no significant.

E2 RVG-MSC-EXO & R H) &b 4 [m a8
Fig.2 RVG-MSC-EXO exhibits excellent brain targeting capability

BN Wiz S B g i 25 5 (K 2A-D) . X
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o3 [b) 2= M BRI LB Z iz BBe 12 . 7E°F
B B, 25 4/ BB B AR 2 BT & R AR
191 (BB 2F) B AE T F 5 100 B Ar 5 BR A5 B8 B il
(BE26) ¥ TG 122225 . DL LS5 R U,
FARTT AR /N 2 (8] 5 2] 514268 7, i
PR ZE 2 (58 38 REA TR 22 55 AN 52 DN 0 T e e i 1Y
TR 245
2.4 RVG-MSC-EXO 1@ i# 52 18 fiE 7]\ B /)N B JT 48
Rt R TS

T #E mRNA ZKCF-ff 7 5 10 AE 15 A5 e Ah b 4
TRYT R ZINE I 240 B 2 78 K 5 i PR s ), R AT Tk
AT qPCR I 7N B3 38 R AH G i X ——mPFC /%175

S — 4 b A A B (inducible nitric oxide synthase,
iNOS) . 73 1k #% 206 (cluster of differentiation 206,
CD206) Fks R R -1 (arginase—l , Arg—=1 )o

wnE 4A, /N BB 40 i M1 B AR 3R 9 iNOS 1)
mRNA £ 35 7K ¥ (F=25.17,P<0.000 1) , £ W il &
YER B 2% TH i (P<<0.000 1), 1 2853 CMI, MSC-
EXO.RVG-MSC-EXO i#97 Ja /N iNOS 3R ik KT
P E R (3% P<0.000 1), 3 F& 7R 2 i) G
W22 5. aniEl 4B, /N 5T 4 A M2 BUBR ) Arg—
1 RIK KT (F=6.121,P=0.004 0) , 75 M i %5 15 4
J& 3R B (P=0.008 6) , RVG-MSC-EXO &
75 /N Arg—1 FRBIKF- .3 ETH(P=0.003 8) ,{H
CMI } MSC-EXO /Y7 Ja BA LIt # Bk =4
Giitep 2 5 AHER bR R TS, AN 3 FlA
I7 J5 2P 2 [8] Tukey’ s HSD test TCHL 112425 5% o
NP 4C, 7INBE 5 40 i M2 AU bR &4 €D206(F=20.58,
P<0.000 1), 7EiE 555 2635 2 3 F % (P<0.000 1),
1M RVG-MSC-EXO &7 J5 /N €D206 7K i 2 42
1 (P<0.000 1), LA, RVG-MSC-EXO 4b B 41
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38 days(saline or quinpirole injection once / 2 days)

Habituation Behavioral test

Number

Injection l
v

Saline or Quinpirole 1 1 1 1
Omin 60min A 120min 150min

A

controlmodel CMI  exo RVG-exo

Behavioral analysis

404 Marble burying

—e— control water

administration

—&— control sucrose
model water
—%— model sucrose

¢ RVG-exo water

Bouts

—e— RVG-exo sucrose
o~ exo water

~—e— exo sucrose

CMI water
—— CMI sucrose

—e— control sucrose
control water

—+— model sucrose
model water

—— CMI sucrose

Consumption/g

o CMIl water

1 ns —=—  exo sucrose

+—  exo water

w -".ﬂ;:.’.l
X

—v— RVG-exo sucrose
t/d +—  RVG-exo water D

A: Behavioral test timeline. B=C: Results of compulsive checking test in mice, number of trips between home base and sugar water/water points
(B), n=8, sugar water and water consumption (C), n=8. Data analyzed by two—way ANOVA, *RVG-exo sucrose vs model sucrose, *CMI sucrose vs model
sucrose, “exo sucrose vs. model sucrose. D: Marble burying experiment, n=8, *P < 0.05, **P < 0.01 *#*P < 0.001, ****P < 0.000 1; P < 0.01, " P <
0.000 1; * P <0.01.
3 RVG-MSC-EXO &7 AlE D B F 2N R SR M B R B IR IT A
Fig.3 RVG-MSC-EXO treatment reduces the compulsive checking and burying behaviors in the quinpirole model mice

CD206 ) mRNA 7K ¥ #1 % CMI 41 (P=0.013 9) }& M1 /)N JiE S5 240 it 258 22, M2 76708 Jie o 200 e g 20>, T
MSC-EXO 21 (P=0.000 6)¥J A B & 2 7., R4 CMI [ RVG-MSC-EXO ¥4 7] Jak 55 3 — e 2%
IR 2R B S /N BN B BT A i M1 B BR AR W Y 2.5 RVG-MSC-EXO XJ3&iB /R = R ILR

mRNA 7K S 580, /N B o 240 L M2 B4 4 7 9 1) T AE mRNA 7K V-1 2 58 10 0 1 A58 K AR A A
mRNA 7K F B, i RVG-MSC-EXO A B 28 i — TR AAE PR 19 52 ), FRAT 138 28 qPCR A /) B
ML, BRI SE A OC X —mPFC B 40 i A R
W& 4D-E, % 4% 4 /1N Bl mPFC 5 X 37E 47 28 (interleukin, IL) 6 . IL- 1B . Jif 98 SR HE A 7~ (tumor
PEEMEL (F=50.21,P<0.000 1), W% A5 /N necrosis factor-alpha, TNF-a) \IL-4 . FE {6 K
B mPFC i X iNOS" 4t ffg ( BP M1 81/ i J5t 40 ) b F — B (transforming growth factor-beta, TGF-g) Fl
15 5.2 B4, 1 CMI(P<<0.000 1) & RVG-MSC- IL-10.
EXO(P<0.000 1) XAl i Hsli /b, 33X — 455 R R i W SA-C, Wtk 2 i AL S 5 38 0E /)N BB 2
T RE ) % A R IT T Be 5 /0N e o A N A e AR mPFC i X A2 % K 1 IL-6 (P=0.000 6) . IL-1B(P=
A2 0.002 2) . TNF-a(P=0.000 6) [ mRNA 7K 2145 i

DL g5 7R | 5B RE 1S A S /)N B mPFC i X %2 JF. 7E RVG-MSC-EXO (P=0.000 3) .CMI(P=
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controlmodel CMI exo RVG-exo

D

A-C: ¢PCR results of microglia markers, iNOS (A), Arg—1 (B), CD206 (C), n=4. D: Representative images of MIl-type microglia

immunofluorescence, scale bar=100 pm, n=3. E: Quantification of iNOS" cells/microglia. Data are presented as means + SEM. *P < 0.05, **P < 0.01,

#EP <0.001, ¥*¥*%P < 0.000 1.

El4 RVG-MSC-EXO 2t BEMt 88/ R /N BT 4B B iR 1 3 22
Fig. 4 RVG-MSC-EXO shifts microglia polarity in the quinpirole model mice

0.001 4) . MSC-EXO (P=0.008 7) 4t ¥ 5 IL-6 11
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4b B S IL-18 B mRNA /K4 B 3% F . 18
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FJG TNF-a i) mRNA K394 8 3% TR iE
5G-1, My 2 i A58 I 5 30 E /) BRASE Y mPFC i X A2

4 M F IL-1B (P=0.000 4) ., TNF-a (P<0.000 1) .
IL-6 (P=0.000 3) i & H /K F¥ A B 3#F L F. 7E
RVG-MSC-EXO0(P=0.000 1) .CMI(P=0.002 6) kb3
JFIL-1B M E K EA B E T . 76 RVG-
MSC-EXO (P=0.000 4) . CMI (P=0.001 0) &b ¥ J5
TNF-o 8 FH K26 W3 R, 78 RVG-MSC-
EXO(P=0.001 5) ,CMI(P=0.006 3) }z MSC-EXO (P
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A-F: qPCR results of inflammatory factor, IL-6 (A), IL-1B (B), TNF-« (C), IL-4 (D), TGF-B (E), IL-10 (F), n=4. G-L: ELISA results of
inflammatory factor, IL-1B (G), TNF-« (H), IL-6 (I), IL-4 (J), IL-10 (K), TGF-B (L), n=4. Data are presented as means + SEM. *P < 0.05, **P < 0.01

%P < 0.001, #*¥*%P < 0.000 1.

5 RVG-MSC-EXO XMt BN R = £ KR
Fig. 5 RVG-MSC-EXO exhibits anti-inflammatory effects in the quinpirole model mice

=0.040 7) &b B 5 1L-6 (1 8 FH 7KV A 1 35 TR
DL b 85 A R A /N B 28 R 1) mRNA 7KF-
KB HKSEBE AN, 1 CMI K2 RVG-MSC-EXO ¥ AJ

W E 5D-F, v i % i A 5 30 A /) RS 7Y
mPFC fi§ X 3t 4 A IL-4 (P=0.000 2) . TGF-B(P=
0.044 6) IL-10(P=0.000 2) {Y) mRNA 7K 3445 i 3%

T, 1E RVG-MSC-EXO (P<0.000 1) }2 CMI(P=
0.043 5)4b B IL-4 () mRNA /K34 B2 ET-.
£ RVG-MSC-EXO (P=0.002 8) . MSC-EXO (P=
0.018 6) Ab L 5 TGF-B i mRNA /K -394 3 |-
Jt o 7E RVG-MSC-EXO (P=0.029 9) K& CMI (P=
0.020 2) &b #J5 IL-10 ) mRNA 7K -3 47 b 3 I
Fto G SI-L, ik B Rk RS SR A0 AE /) RS 7Y



533 P, A RV G B ) ) 52501240 M & 1 b A e 5 e A /DB B 2 B B Vv 7 i A A 479

mPFC [l X3¢ 48 7 1L-4 (P=0.027 2) . 1L-10 (P=
0.005 1) F1 TGF-B (P=0.000 2) i) 25 1 /K V- X947 ik
Z FF. 1E RVG-MSC-EXO (P=0.000 7) .CMI(P=
0.012 7) A B 5 IL-4 R K A R E R & .
7£ RVG-MSC-EXO (P=0.003 7) . CMI(P=0.011 0)
AEHE IL-10 M PP A B E LS . FERVG-
MSC-EXO (P<0.000 1) & CMI(P=0.001 6) &b 3 5
TGF-B M FACFA W3 Lot D g5 3R
T /N BT R I 7 1 mRNA K- K & K R
[ i CMI M2 RVG-MSC—-EXO 4 1] i 55 3% — 2 2% .

3 it %

TEAMEIE R RATIER T RVG &M iy 18] 72 5+
21 6 A7 A T A 5 3 /) FRUASE Y ) 58 1 A A A T
by, I AL PT B8 7E 5% AR /N B T A0 A 1
1058 588 S RE AH OG0 X mPFC M 28 20 , 72 A= Hi i aa
FEAEH

WE I R —Fh 2 M2 AR ) BB S K
AT A A I 3, JF 5w KB T, B e
Tk A E W & XA AT R 5N A K
PO RAR R, PR ik 29 R BB BB A Sy — b 28 B 1Y
2l FRAS Y HH BAE 30 RE (4 R DG AR I Y s
75 5 14 /DN Ui 6 4G A A5 B g R — AR K B ik
o FEARTRBIA AT AR, FoAT R 2y 38 i v e 2
HE I A AT IR ARAT R (1 5 18 A5 2 /)N
B, L B 7 56 36 A O DX A 28 T30 (e—fos 38
KB Z BRI T IR A AR
ST TEAT R 225 A1 /I 3 A0 G 2 /)N BRABE AR, A
FEARSENT X — 87 =20, I Bt — 25 A B P
FEZL (CMI ) , 45 5 F W CMI fE fk 2 ik /D s i 25 A
RUNRIMEE AT, X —245 R it — P Rz
B R AT () A0 S AE 5 BT 2 — AR
)8R A /)N BRUSE AR

T BRI B ISR A E SRR AR, (f G
BEPR R A AL | 2 B AR Ot R Ak s i B
) L BEASE UL 43 5 30 AR RE IR i JC I A 2
PRI E (1) B A% 1 ik R4k s 17 R S HA
BEAE TR o 81 G 78 AR AIF 5 v 36 RE A TR /N BROR e B0
HH BH S ) A R B T I R 5 AR R A
FUEE AR AR L ik — R PR A SR S i B ) S 5
B G RBI ST 55 AL, R I Je B2 A aE— 25 B0 iF 28 ¢

B B0 ) 70 0T T A A A A B A R A2
Y RYSRIBAT N A WEE VIR T RCR T LA — 2
WA SSRIZEZ5W) . 2258 N HIAT 9Tk W
AR RO R A58 TR . AR R, 3 I
T R G R BN RN o RV AR AR
WFSEH B IR T T R & A 2 B 40 M B
PE A5G T R 0T R SRAERE SR (R AR
P55 BN KON B R A R BB R
) ]

FEABETE Y, AT R B I 2 75 5 (AL /N B
B mPRC g DX /0N e 5 41 At M1 AU 3 i M2 L) /b
MYAYT A M1 BB R RE, M2 BB B . X R
FRATBERIARE (1) 2 AR FT R AR B A 2 e Y R A ME
TRVE R — s, SR T 20 M 2 3 i —Ff
RS F T %) 40 i 20 3 3 A T A [R]85 1) 3 4
BEAY AT BE X /)N 5T 4 A/ 0 240 AN P e A 7 A
WG AH S A R AR, T AS 2 87 545 1 < AR I A/ 4
i 471N 0 T /N T T 240 L/ W 4 i Pl ML R A A
M2 BV —25i8 . TERRAEIEIE R BT /)
SRS 328 F 40 B A Y 1 200 Jif A I A 9, 220t TR
B Mi——id #3k GPC3 J CD47, v kg /1 E g4
Jid iy M2 2 (CD206" ) ¥ s 4k M1 24 (CD86") , Ak
AR SE e RGBT MR . X — 25 50y HLAk
MUK TR ARSI . 5 2248 Hh 2 , AR BIFSE il o
) 248 L DR~ AN 422 B/ e o 4 A e P el A
PRI A 40 it PR 7SR R 2o, an TP I SR A L PR 22
TR (1) A1 ] G 28 200 A, 2 5 40 B PR R
/NS 5 A4 AR A A A S T I A A R T — 25
I R AR S R R A ST SR

FELAAERRZE (8] 50 5T T 40 M SR 2 T
BIEI T LU E P A IR AR i
P AF . XTI B bR 2R AT M AR AN RS
15 CAD A 4 AR A5 BT IR AR X B 22 (R X aa
JEIRFFEEE TN, X AR FRA T W R ] A
HINEITVE T o T4t M A A A AR BE 20 M7 3 i A1
SAE T AT LA B i s 57 e 35008 AU L S HE e XL
B Al . ZEASURBIE G, FRATT B IR Z 38 2o a] 72 o
20 A AR A FE T e AR PR . X R
(i) 70 J5T T 240 B 40 0 A FH 11 R B8R 30 5 3 AU 4
M 76 A1 WA A 5 2% 1T 2ok 3R 38 RVG & 1, AT DASE g
GO T N 7 N L1 1 IS Y N




480 HlR AR 2 (R A2 ) 5547 %

B i 50 1 ) HLBE R TR IR A
> HABFRAE T RE RIS BB, X — L S HE e 11
SSRIZEZj W) (A WIRF

RV G #1 [ia] J S Ao 20 #00 [f) 36 26 401 48K A1) — A~ 2 22
TH. BRI TR KR M 202 58
B, Ay 225 8 i oG J57: s T ) e 28 T AR IE T — 38
“YIRL” . RVG R ) B A /R AL 3 24 T I 5 W
Bl 2, PR BT 2 A s S A0 Ty 5 4 o 30 o (R R i
WA FAIT T T R R ) gl i A2 5
| RVG IR Ek HAB i (9 4 K 804k b 58 & T IE A
TF 22 1 6 22 b wfie 36 1 ol 28 28 5 53008 F1A0 37 07 32
BT H, R 50 Fem v e Al
PR 5% Ak 7 AT 1T Pk % L 0 RV G R B 1 K
W HAF SO BT A o B IR TR 4ok,
AR ANFEREHLH] AR W E A, RVG $E 1] 38 3% REGH
SR A K A i S P RS T2 I RN IR Y7 T ofe T2
1

N OIS ARG U o e 73 T N 151 oW i w1 0}
AN IR R FEHTRAERE AR VR F , R I8 AE A L

S 30k

[1] Robbins TW, Vaghi MM, Banca P. Obsessive—compulsive
disorder: puzzles and prospects[J]. Neuron, 2019, 102(1) :
27-47.

[2] Veale D, Roberts A. Obsessive—compulsive disorder[J]. BMJ,
2014, 348: g2183.

[3] Stein DJ, Costa D, Lochner C, et al. Obsessive—compulsive
disorder[J ]. Nat Rev Dis Primers, 2019, 5(1): 52.

[4] Torres AR, Prince MJ, Bebbington PE, et al. Obsessive—
compulsive disorder: prevalence, comorbidity, impact, and
help—seeking in the British National Psychiatric Morbidity
Survey of 2000[J]. Am J Psychiatry, 2006, 163(11): 1978—
1985.

(5

—

Fineberg NA, Gale TM. Evidence—based pharmacotherapy of
ohsessive—compulsive disorder [J]. Int ] Neuropsychopharma-
col, 2005, 8(1): 107-129.

[6] Goodman WK, Storch EA, Sheth SA. Harmonizing the
neurobiology and treatment of obsessive—compulsive disorder

[J]. Am J Psychiatry, 2021, 178(1): 17-29.

[

[7] Marazziti D, Mucci F, Fontenelle LF. Immune system and
obsessive—compulsive disorder[]]. Psychoneuroendocrinology,
2018, 93: 39-44.

[8] Jiang NM, Cowan M, Moonah SN, et al. The impact of

systemic inflammation on neurodevelopment [J]. Trends Mol

il 5 /N BT A AR M e AR Z R G R o MR AR
FELAEAE L B N 2 Ab | R BLTE R X (8] 78 )it
T 240 i 0 s A & 35 FE A EL AR 43 T ML A DG T
BEHEATAE ST o R FRATAY A 53 Jr BRAE /I e Jox 248 e
b IR RIS s g on Rl B A EAE R R IR
FELTY o 20 M | i 28 0 1 e A5 A X 5 3 A R
RAIEVER o 3 A A S5 AL AT CMIAE Sy B 1 %
WA T R b 5 2 R AN SR VD BH A SSR1 2R 2459
YE R Piomia — 225, B2 T H ar st Xt g g 2
5 5 1 R A E RIS AR IR (1 S 05 22 58 FH CMIAE by PH
PEXT AR I8 TASSCHIE S %, AR A 5 22
S Hh 22 i R SRR VD WA Ry A L PHAME X IR A
J&i » RVG=-MSC-EXO ] 7 7E XL [
1555 I 2 K A= )i A vk S 56 LA
Keifa AR5 i — 2P UE I . FEJR 2k
B 5T, AR AT X T 48 A A1

"J} :*.?' I|'Jl|:'.|. :;'.';__

IR MR RAT R
AT O B ST Appendix table
and figure

Med, 2018, 24(9): 794-804.

[9] Pape K, Tamouza R, Leboyer M, et al. Immunoneuropsychia-
try—novel perspectives on brain disorders[J]. Nat Rev Neurol,
2019, 15(6): 317-328.

[10] Wolf SA, Boddeke HW, Kettenmann H. Microglia in
physiology and disease[J]. Annu Rev Physiol, 2017, 79(1):
619-643.

[11] Block ML, Hong JS. Chronic microglial activation and
progressive dopaminergic neurotoxicity [J]. Biochem Soc
Trans, 2007, 35(Pt5): 1127-1132.

[12] Stence N, Waite M, Dailey ME. Dynamics of microglial
activation: a confocal time-lapse analysis in hippocampal
slices[J]. Glia, 2001, 33(3): 256-266.

[13] Tremblay M, Lowery RL, Majewska AK. Microglial
interactions with synapses are modulated by visual experience
[J]. PLoS Biology, 2010, 8(11): e1000527.

[14] Colonna M, Butovsky O. Microglia function in the central
nervous system during health and neurodegeneration [J].
Annu Rev Immunol, 2017, 35(1): 441-468.

[15] Chen S, Tvrdik P, Peden E, et al. Hematopoietic origin of
pathological grooming in Hoxb8 mutant mice[]J]. Cell, 2010,
141(5): 775-785.

[16] Samanta S, Rajasingh S, Drosos N, et al. Exosomes: new



55334

P, A RVG A i 0] 50T 20 g &1 ip A i

AR N B B R MR T R A AE 481

molecular targets of diseases [J]. Acta Pharmacologica
Sinica, 2018, 39(4): 501-513.

Pegtel DM, Gould SJ. Exosomes [J]. Annu Rev Biochem,
2019, 88(1): 487-514.

Ma CY, Zhai Y, Li CT, et al. Translating mesenchymal stem
cell and their exosome research into GMP compliant advanced
therapy products: promises, problems and prospects[J]. Med
Res Rev, 2024, 44(3): 919-938.

Zhang S, Chuah SJ, Lai RC, et al. MSC exosomes mediate
cartilage repair by enhancing proliferation, attenuating
apoptosis and  modulating  immune  reactivity [J].
Biomaterials, 2018, 156: 16-27.

RIS T WhIve, MRYTIT , 45 . i i IR] 70 5% 1 440 it 41 008 2 %
BT ICAZ R A LRI BTG L) ] G PR BR A, 2024, 52
(1):66-69; +73.

Guo LL, Han X, Chen ZY, et al. Study on the effect and
mechanism of adipose derived mesenchymal stem cell
extracellular vesicles on memory impairment after traumatic
brain injury[J]. Clin ] Med Officers,2024,52(1) :66-69; +73.
Guo M, Yin Z, Chen F, et al. Mesenchymal stem cell-
derived exosome: a promising alternative in the therapy of
Alzheimer’ s disease [J]. Alzheimers Res Ther, 2020, 12
(1): 109.

Ding M, Shen Y, Wang P, et al. Exosomes isolated from
human umbilical cord mesenchymal stem cells alleviate
neuroinflammation and reduce amyloid—beta deposition by
modulating microglial activation in Alzheimer’ s disease [J].
Neurochem Res, 2018, 43(11): 2165-2177.

Perets N, Hertz S, London M, et al. Intranasal administration
of exosomes derived from mesenchymal stem cells ameliorates
autistic—like behaviors of BTBR mice[J]. Mol Autism, 2018,
9: 57.

Perets N, Oron O, Herman S, et al. Exosomes derived from
mesenchymal stem cells improved core symptoms of
genetically modified mouse model of autism Shank3B[J]. Mol
Autism, 2020, 11(1): 65.

Guo H, Huang B, Wang Y, et al. Bone marrow mesenchymal
stem cells—derived exosomes improve injury of hippocampal
neurons in rats with depression by upregulating microRNA-
26a expression [J]. Int Immunopharmacol, 2020, 82:
106285.

[26] Alvarez—Erviti L, Seow Y, Yin H, et al. Delivery of siRNA to

[

[

the mouse brain by systemic injection of targeted exosomes

[J]. Nat Biotechnol, 2011, 29(4): 341-345.

[27] Cui G, Guo H, Li H, et al. RVG—modified exosomes derived

from mesenchymal stem cells rescue memory deficits by
regulating inflammatory responses in a mouse model of
Alzheimer’s disease[J]. Immun Ageing, 2019, 16(1): 10.
Yu X, Bai Y, Han B, et al. Extracellular vesicle - mediated
delivery of circDYM alleviates CUS-induced depressive -like
behaviours[J]. J Extracell Vesicles, 2022, 11(1): e12185.
Chivero E T, Liao K, Niu F, et al. Engineered extracellular
vesicles loaded with miR-124 attenuate cocaine—mediated
activation of microglia[ J |. Front Cell Dev Biol, 2020, 8: 573.
Sun T, Song Z, Tian Y, et al. Basolateral amygdala input to
the medial prefrontal cortex controls obsessive—compulsive
disorder-like checking behavior [J]. Proc Natl Acad Sci
USA, 2019, 116(9) : 3799-3804.

B, BT, BRI, S MG T 0 M SR
SRR (R et [ ], el i (B2 R i), 2022, 43
(3): 412-421.

Luo YC, Wei CR, Chen X, et al. Improvement of the mouse
model of chronic obsessive—compulsive disorder induced by
quinpirole [J]. J Sun Yat-sen Univ (Med Sci) , 2022, 43
(3): 412-421.

Camilla DL, Eagle DM, Grant JE, et al. Animal models of
obsessive—compulsive spectrum disorders [J]. CNS Specir,
2014, 19(1): 28-49.

Krebs G, Heyman I. Obsessive—compulsive disorder in
children and adolescents [J]. Arch Dis Child, 2015, 100
(5): 495-499.

Li Y, Zhu T, Chen J, et al. Dual - targeted engineered
bacterial outer membrane vesicles for hepatocellular
carcinoma immunotherapy [J]. Adv Funct Mater, 2024, 34
(41): 2401355.

Beattie EC, Stellwagen D, Morishita W, et al. Control of
synaptic strength by glial TNFalpha[J]. Science, 2002, 295
(5563) : 2282-2285.

Ross FM, Allan SM, Rothwell NJ, et al. A dual role for
interleukin—1 in LTP in mouse hippocampal slices [J]. J
Neuroimmunol, 2003, 144(1): 61-67.

Stellwagen D, Malenka RC. Synaptic scaling mediated by
glial TNF-alpha[ J]. Nature, 2006, 440(7087) : 1054-1059.

(¥ ®T3F)



