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The Role of Exosomes in Central Nervous System under Hypoxic Condition
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Abstract Exosomes are EVs (extracellular vesicles) deriving from the endosomal system, which con-
tain specific proteins, lipids, RNA and DNA. They can transfer signals to recipient cells thus mediating intercel-
lular communication. Hypoxia, as a serious cellular stress, is a vital feature of brain diseases, which can induce
the release of exosomes and affect the content of exosomes. Increasingly, studies have indicated that the bioactive
substances carried by exosomes can reflect their cellular origin and disease status, which can become potential bio-
markers for the diagnosis or prediction of hypoxic diseases. This article reviews the general characteristics of exo-
somes, functions of exosomes, secretory mechanism of exosomes under hypoxic condition, as well as the mecha-
nism of exosomes released by normal nerve cells (such as neurons and astrocytes) and glioma cells under hypoxia.

Keywords exosomes; hypoxia; oxygen and glucose deprivation; central nervous system
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P25, AR MIAE T T AR PR ER IR 02, SR T el
(1) S0 H s 2 B, % R T S 7R & 0 R AR Ak R
HX 28 22 G fi 48 DR A FH ARSI S 52 42 1 PR R L
HICT H S, P i e S A 85 vh R R AR AT 5 b e
JEAN R A M, A A (exosomes)TE A1 4 &
g B BT IR, ORI AR Ak T DL e 21 A A 1Y)
H A OKo JEAER, LEAN [F] A i 28 S B A5 Y
HHOREI 21 S0 A A RE TR N, HL A A A J e Bk R AR
R (s B2 2 SaE AL DL B 4AUE R
HBl, SRT, BREAKT A RGN IR T s, K
AT e A S ML AN 48 . DRI, IR 2R Bt Bk
SN AN I ) 2 BT, DA B TR A 0 2 AR
Je8 20 L AE SR SRR I R R TR M IA R R FE LA A T i

g,

1 SRR
1.1 IR R E D F R S

A WDAR N LT BT B 2 T 40 T 2 i o BE i
(extracellular vesicles, EVs), EVs & If Jii X2 JIE 45,
EVEM I, SRR THRNFIEN, 28
12 930~100 nmKJEVs®7, 57 JIEE A B 1 Fc 300 A%
{4 (early endosomes), %A J5 N AE H 28 T il I N 38
i (intraluminal vesicles, ILVs)J7f 2 Z&IL 4K (mul-
tivesicular bodies, MVBs) N & &, — &8 7 MVBs#
1815 EVE BRI HEAT B 51— M MVBsHT 5 Jii iR

Exosomes

3)

N\

Early endosomes

Multivesicular bodies

Cytosol

(plasma membrane, PM)@l &, i HILVs 2 g 4 2
], RS 2 40 A1 FITLV s B b 3h R0 B 1), Ak
WA ) T E AN BYSER BN SR 5%
RS 2 FR AR . JELEE9E. DNA. mRNA.
miRNA(microRNA). IncRNAs(long noncoding
RNAs)". BRI CEA REM L E T IML
WY, (B2 XN EYN R AR S 577 R ATE
FE, ARRIE T EdE— P R AR .
1.2 JMNiMARIThEE

AN A AR P A 4 2 T R R e Joi 2 B T R U 4
J R b 28 DA JORE TR M R B R A AR S o BT AR Y
WFFEIN N, A s A4 = B2 47 5197 Bk 22 R BJC T e O 41
MRSy o AR IRAE ORI 22 (R BIE S0 R B, AN IAARAE %
FhA e AR R R AR, W A s Bt
SR, dUIE T AR, ANERES. RIEMNHE
{5 S 3%, MR IR LA A T EA 16 %
g m AR 55 L RNAFIDNAZE, T 520 5%
b g 1 A= B R B AR, BLHRRDRE . AP IR AT I
PRI RGO B B e I S

I Ah, A s A LE AR R 2 B B BRI
Jdo AR () X0 35 R BRI /D RO SN 793 I
i BE B LA K% 22 IR ik 4 2 T B AR FTRIE A, e
RSN — R B A T 7R Sk B E B R 7 i T4
Jf(mesenchymal stem cell, MSC) ] & i 4 38 i g i3k
2 ff 471 JoT R R SR A ) 90 DR 1 IR Rk, TR AE

Extracellular space

Exosomes Microvesicles

2) (1)

e

Lysosomes

(1) fiifl(microvesicles, MVs)Z2EVsH T Z A 2 —, BT RSN ZETE AL (2) MVBsH] 5 5 R A 5 BN (3) A AT B 4230 o 5 i 1)

HNEAZF T Ao

(1) Microvesicles (MVs) represent one of the major classes of EVs and are formed by the outward budding of the plasma membrane. (2) The MVBs

fuse with plasma membrane and release exosomes. (3) Exosomes are formed directly by outward budding of plasma membrane.
E1 SMbERRE & & (RS E STHEK[9-1011820)

Fig.1 Biogenesis of exosomes (modified from references [9-10])
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Lb, AT 2 AT AN R R, W52 348 i A
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SRR FE/N R R A S AL T, miR-1227E iR
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I 2B K R ) R4 T BUBRMEDSY . [RIRE, i 2 T 4H
PRLAT A= R A A A & S miR-146b, AE %4041 112 5 K
R o R 0 R ) 3G HE . DA b I e g 4G R
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HM UM RIS N ARV AR AL 5 T B PR 8
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MBI
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EVs 1R 505 A A 25470 0] DARR A il S0 30T A
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B2 I3 96 A PRSI A K i 4 i g 200 POV A R S SR
T, AN RS . EAR AN DL bR bR
HHEHEACDINCD8I & &S A, HiXEess R —UH
&, BBl kA K A7, R 7 40 Bt b R A )
AR U HEL 240 L 003 145 S 2 e g 4 i £ SR AL 2% 1 T T
LG WA B8 22 (1) AN A AR

TEGRA AR T, 4R SN R 1 =F i Wi 35 42
Ft, ELAMUAA P 220 0 4 5 R S AN R A AR A
i B2 A 7 200 SR R 1 A0 s A Hh 7 S B 1 T B T,
MO7TFER [ #E . I 48 5 - 13 (matrix
metalloproteinase-13, MMP-13)7F it 45, &4 WE J 41 i >k
RSN BRI bR T MR B 1 Ab,
KB FLIE LT 7B AmIRNA . 2 5298 K Ui
R 15F P mIRNALE SRAESRAT N & B, 2t 7B
FIRRBINI I T 2R R P B LR A,
S SR AN (SRR J4E 24 i 47 A R R I, T L R DA e

Hhy S A A R P AR B A G, A R AR R R
FImiRNAPL,
2.2 BRERHTINDAEET R FHLE
B481%5 5 I8 -7 (hypoxia-inducible factor, HIF)#]
AT T 40 i T 76 A RS 38 m, A T i gk 2 i ) 36 T
T S5 48 N2 W0 1) 3 S 2 5 J I8 FH 5k 28015 5 PR T HIF
I HIBY R SR AT, IR 5T B LR (glioblastoma,
GBM)4H L K5 IEVS & & HIF-10#E 55 [ fJmRNA,
£, $5Bel-24H F{F H £ F13(Bcl-2 interacting protein
3, BNIP3). & B EALEE (lysyl oxidase, LOX).
N-myc R 5 1(N-myc downstream regulated 1,
NDRGI)P. FrmRNAJL, X LEEVsH L & 4R | £ ff
HIF-1ai5 5 85 H, G4 40 f /1 % -8(including inter-
leukin-8, IL-8)- fif ) ZFE A K 74545 25 1 1 (insulin-
like growth factor binding protein 1, IGFBP1). B2
li 9(carbonic anhydrase 9, CAIX)**3, AGA &0 H
ZAE LW A BEVsTH & L T DI BEEHIF-1a. HIF
BN g aE e 1 — e g B 2R T 52 A, R AR K
T & (epidermal growth factor receptor, EGFR). i
%) Bl e da TR ARV R R ) A2 AR ) SR AR AN AL
TN AEMRAE R, TR 2 S A A R IS A
BF 7% % B, HIF3@ I #¥0ERab 5 1 /NG TPREE 1 B A
Rab22 ARG N AR AR I 77 A2 A1 73 WP, Rab22A 5
EVsILE i T AR 4B B L . DL B IXsed%
SR TG ANE - 3 A8 400 i 7 0% o I SR AR SR 5%
(¥ 2 AF, U fEpHAN AL LD,

3 BEEHTHPIRBAELMEHIINLAE

TEPE R G, QLG 0 SR 24 i R 4 i 7E
PN 1) 22 P At i mT DA 2 WA AR o I e AR A4 ] DLIE
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I P AR E RS R B APE R G SR AN AT
DL B H X i 2 2R 49 1 B X A LA, T EL oA
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A0 B O T A IR AR AR, 2OGDAL L B 2
K128 50 K B A WA A rhmiR-181¢-3p A A K &
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chemokine ligand 1, CXCL1)H1 28 i 5l 5 [ 21K, M
T BELT A #H 22 32 G0 o A E AR IR B0E 0
3.2 BRERH T ERRBRMEEAIINDAE

JE AR IR BUIRAS T SR B I 5T 40 M A4
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HEAE U, 615 5 & 1 3A(semaphorin 3A, Sema3A)

A SR AR I A B A 2 S 40T, Sema3 A1l
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Ji I8 A2 A SR O B AR T FE 0 R 2 R 4, e
Tl T 558 1 0 i e i 3 e R VA T T 24 M ) R A
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PRI, B TR (A RHE . (H, T gl BT
i 988 i J sk A TR ) s AT B2 LA R — A TR R
o FR i) RO, R SR B 2 IR B 2 B, i S i R A
SR P A0 WA A e sk 5 e ool I AR L R 2R B
4 M G 5 306 i A1 23k J e 2 R (1&12) . Kr GBMIAH i 4h
WMARTEAT RS 7 M, R BLEE R T AN R E
Jo 20 2 AR N 2 AR, e R M A T v A L A A R
¥, BLFE R A U E R 6- A AL B (lipoprotein receptor,
LOX). /M /¥ 55 [ 1(thrombospondins 1, TSP1)
NI/ YR PE B2 IR F-(vascular endothelial growth
factor, VEGF)%%, M5 S ML N fZ 4 s gt . 5
W ESR AT AR L, SRR AT LU mRNAF & E (0
LOX. MMP UL JIL-8%%5)7E GBM4H i fi7 A= F) #h b A
) E EIE R, SRAEGBMAH K R 1 AR W AR AT LA
V55 N B 8 i o0 i A A TR - RN I PR 7, I 0

Hypoxic GBM cell
| o t

Higher exosomes biogenesis

Exosomes containing
,,,,,,,,,,,,,,,,,,,,,,,, unique miRNAs, proteins
and bioactive lipids

Exosomes fusion or uptake by receipt cell

J

l l

Angiogenesis Metastasis

1 HIF-1aJt i .
1 increase of HIF-1a.

l l

Stemness Proliferation

E2 GRERR B MBRRE A SN i 3 R I R B S

Fig.2 Effects of exosomes released by glioma cells under hypoxic condition on tumor microenvironment
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TERF2IP#i# STAT3(signal transducer and activator
of transcription 3){5 5 18 i, ##/NF-xB(nuclear fac-
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HLH B 5T 3 B, SR S GBMURR IE P4 38 18 F1 73 Wb b b
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