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Microglia Activated by a—Synuclein Inhibits Autophagy in SH-SYSY Cells by Transporting
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Abstract: [ Objective] To study the changes of miRNAs in exosomes secreted from microglia after being activated by
exosomes of SH-SYSY cells overexpressing a—synuclein (SNCA—-HM Exo) and their effects on autophagy of SH-SY5Y
cells. [ Methods ] Microglia exosomes were collected for miRNAs microarray analysis and PCR detection, and the differen-
tially expressed miRNAs were screened out. Their target genes were analyzed by Kyoto Encyclopedia of Genes and
Genomes (KEGG) and Gene Ontology (GO). MiRNAs and their target genes related to PI3K/Akt/signaling pathway were
screened out and verified by Western blot. The SH-SY5Y cells were divided into four groups : Con—HM Exo, Con—-HM Exo+
miR-19a mimic, SNCA-HM Exo and SNCA-HM Exo+miR-19a-3p inhibitor. [Results] Fifteen differentially expressed
miRNAs were screened out by microarray analysis and PCR. KEGG and GO analysis showed that PI3K/Akt signaling
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pathway had the highest enrichment score of target genes, and PTEN was one of the target genes regulated by mir—19a—3p.

We found that, compared with the control group, the expression of PTEN and LC3 Il /I were decreased, while the expres-
sion of p—Akt/Akt, p—mTOR/mTOR and p62 were increased in the miR-19a-3p mimic group and the SNCA-HM Exo
group (P < 0.05). However, miR—19a-3p inhibitor could reverse this effect (P < 0.05).[ Conclusion] SNCA-HM Exo
regulates PTEN through miR-19a—3p, activates PI3K/Akt/mTOR signaling pathway, and then inhibits autophagy in SH—

SY5Y cells.
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L FRIEH a-Rfil & H (a—synuclein, SNCA) L
KA Z2 LR RE PR 2200 T I SR AE DTV IR 4 %9%
(Parkinson’s disease, PD) & IR HLH A ) BB H % .
TATZHIWFTE A B, 1k 23K SNCA 1 # 28 4 g A1
WA Tk /N I 5 240 45 B, I3 5 miRNA—-19a-3p
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B miRNAs 53 K Dy e A8 1k i AN 48 . RATTHE5E
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T DR A 2 0 LR L, SR T 33 35 43 & i A
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1.1 SEEE#F#Y

N2 B 240 R 200 L (SH-S Y5 Y 4l i, il 3
W PR A AR A TR ), A/ BB AR L (Human
microglia, HM, i i {5 E W RHE A RAF) ,LC3
YUk (SEE CST 2w, P62 HL M ( H A mbl 24 H] ),
GAPDH L4 (92 [ Abcam 2 7] ) , HRP A7 12 - Hi 5
“Hi (5[ Abcam 24 ] ), HRPARIC TR — 40 (5
Abcam 23 7] ) , M-MLV ¥ 5% 5% il (26 Promega
Nl ), GoTaq® qPCR Master Mix ( 32 [& Promega 2%
7] ) ,miRCURYTM Array microarray kit(F}% Exiqon
/NCIDIR Hybridization Chamber 11 (£ Corning N
F] ) , BioarrayLifterSlip coverslip ( 32 [E Ambion 2
Al ), miRCURYTM Array Labelling kit (7 Exiqon
/5] ), RNeasy Mini Kit (8 & Qiagen 24 F] ) , PTEN
PR (SE1E Abcam 23 A]) , Akt PR (EE CSTAH]) ,
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p—Akt FL A (3% [H Santa Cruz 28 7)) , mTOR Hi /A (&
Abcam 2N H] ), p—mTOR HUIA (3£ F Santa Cruz 2
), hsa—miR-19a~3p mimic ("M 17 458 1A= P R4
FFRZ ), hsa—miR—19a~3p inhibitor ()" 17 45 1
EPRHEABR AT
1.2 INRBRARBEIEFR R AN MR 4> B8

B I IF 5 3% /D I 40 g (human microglia,
HM) , LA IX10° 40 A 842 T 10 em 35 52 ML, S 8%
F£24 ho 5 A4, Con-Exo HM 41 : 7E HM H il A
111 235 GFP—con [ SH-SYSY 4l ifg 7 WA (24 1x10°
TR E) s SNCA-Exo HM 41 : 78 HM i A 23K
GFP-SNCA () SH-SYSY 4 g #h s 4 (£ 110" ks
) 557 24 h R HIG IR AR B35 5 24 h R IR
TRV, R FH 8 A B 00 B O 1 0 S A s AR, LA
B0 TR WL R AT BE A & K SCE S Con—Exo
HM 43 5 40 WA {7 B 4 Con—HM Exo, SNCA—Exo
HM 4330 i 71 54 1 Bk SNCA-HM Exo. W4E 53
BB AMNIMA L NTA 207, 45 58 .78 Con—HM Exo ki
T JE R 0.923%x10° (panicles/mL) ,SNCA-HM Exo
L F U A 0.873x10% (particles/mL) o
1.3 /NERAMMMEGLEBERELE

TN 20 WL AN AR T 2R N L, 7E %R
/R 1 min, FHOE4E T TR %
2% WS TR VAW (pH 6.8)20 WL T4[ M I, 251 T 11
Jett | min, FHUEACWE T 90 e, 76 BT R HET
10 min, B T T 200 kv &5 4% g,
1.4 4pidE miRNAs & B 94

b W A4 R B O B S L, I 0.25 mL TRIZOL
FE 43, IS5 WA 2 5 SR AR, I A S TN
B JLVE RNA, S BEVE e . RNA ST & 4 I J5 hy H]
NanoDrop® ND-1000 #F 17 RNA ¥ J& 1 4fi B 46 ) .
L miRCURYTM Array Labelling kit #£47 miRNAs
FRic . & JH RNeasy Mini Kit 3 45 RNA, 22 J5 1 J1]
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miRCURYTM Array microarray kit #F 77 miRNAs it
A 432 . He ) ff FH Genepix 4000B 1465 B4
IR H Genepix Pro 6.0 A5 HT S

1.5 miR-19a-3p & 1 # (miR-19a-3p mimic)
E #1415 (miR-19a-3p inhibitor) ¥ 3t SH-SY5Y
“HpE

TERA 6 LR R 1x10° SH-SYSY 4Hifil, 555
24 h, FEYHTHRR, BALIMASE SR 2 mL, miR-19a-
3p B B i) 700 1% B G vk B2 3454 100 nmol/L.
539 FH 120 L 1xBuffer #i B 10 pL 20 wmol/L [
miR—19a-3p BLHLY) S A 50, #8250 J5 43 50 A
12 pL Reagent iR %), 7E ZE I 5 F FHEHE 10 min J5
M A B AL 2 mL B IR 6 fLAR . HE IR
K97 48 h 5 W AR 4 , SR FH PCR J7 5 B0 4% L 1)
1.6 KIE4reH

A 6 FLAR T 4ER 1x10° SH-SYSY 4 fis, 43 H
A2, BARIE .

Con—HM Exo 4 : Con—-HM Exo ( 2 1x10° f#{ $L
)5 SH-SYS5Y i 345 3% 48 h.,

Con—-HM Exo+miR-19a mimic ZH : miR-19a-3p
B W) e Gt SH-SYSY i ffl 5 , il A Con—HM Exo
(29 IX10° R B0 13555 48 b

SNCA-HM Exo 4 : SNCA-HM Exo (£ 1x10* 43
FiB0) 5 SH-SYSY AL 95 48 b,

SNCA-HM Exo+miR-19a-3p inhibitor 4 : miR-
19a=3p inhibitor ¥ Y& SH-SY5Y 40 4 J5 , il A SN-
CA-HM Exo( £ IX10* ki %) L5532 48 ho
1.7 Western Blot#: il & B By & £ 7k F

WS SH-SYSY 4 i, £ HUAR (1 /5 R FHBE e L
VKOTEERI H A I RIA . RIS R R R
P 2 PVDF I SR 5 B AR e d R, 2 )5
fin K R — $% P62 (MBL, PM045, 1: 1 000) ,
LC3 (CST, CST3862, 1:1 000) , PTEN (Abcam,
abh32199, 1:1 000), p—Akt (Santa Cruz, sc—81433,
1:1000), Akt (CST, #9272, 1:1 000) , p-mTOR
(Santa Cruz, sc—101738, 1:1 000), mTOR (Abcam,
ab2732, 1:1000) ,4 CHMU T RGBT, H2 XK
K F TBST Uk ¥ 5 43 0 in A 240 B =4t (Abcam,
ab6808, 1:5 000) 5 3 HT f — BT (CST, #7054, 1:
5000) , AkZETE RS T 2% 9 F 50 min Ji5 TBST
VRV =K, R A 5 R BE S 5% . SR H Image
VAT MR A5 OB E(E . L GAPDH (Ab-

cam,ab70699,1:5 000)ff: h N Z: | HLEA LA R
FIRIRI 22 57
1.8 SitFEFHE

Jit A B 4 2R FH SPSS13.0 48 H- 4k 4 E 47 Hc s
30T FFEIES I E m AR x + s RoR M
ANIST A E B s 1Y FO SR K 5, 22 A (R
SRR Y LEBCR ISR R 3R 07 22 004, 7 2 0 i 42
T SO 2 B LU HCR T LSD— K3, X 5 22 A8 5%
B, % Kruskal Wallis H¥65 . 2R A5 1%E X
A5 % JH Bonferroni TEEA TR PR L5824 P<0.05 B+,
IHZEFEAGI R L

2 % R

2.1 INERABRIMMEEMEBEELEE

JINJE O 2 ML A AR A G B AL T AT DL
FLAR R L 40~100 nm A FE, HA/N IR RFHE S
HMIMAFRLF (B 1) o

morphological characteristics of microglia exosomes observed by
electron microscope after negative staining.
E1 /MEREMSNBEEREREE
Fig.1 Identification of microglia exosomes by electron

microscope
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WG 3 F 35 a—synuclein 1Y SH-SYSY 4l g
A0 WA I HM B UK 43 3 1 A1 0 7R (SNCA-HM
Exo) 42 75 18 i miRNAs 845 52 /K ¥ 28 40 B ) B
T e, TR AT 130 HM AP A A Y 7 1Y miRNAs i#F
TS e 85 R BoR 0t %38 a—synuclein 1Y
SH-SYSY 4 g 4M i A L Iz Xof A 28 A1 b A 3 50 o 35k
) HM 43 W f A WA fE A ik 22 5 2 A% LA Y
miRNAs, FATI 1 1 25 5 38 5 i 25 7Y 20 1> miR-
NAs, Hr ik B 5 235 F A9 miRNAs % 101
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(K1), BN ASL LG8 i 3 M AR S 90, i DA S
o 5 XA AR 1 T3k i 4y
BTEHE (4 RT S E , FRAT 1428 N FH PCR XTIt 43 B )
A0 3% 20 S miRNAs HEAT 50, IF -4 7583
O AT B R R IA L 1541 miRNAs fE7E ik 2
5, H 74> miRNAs 3235 1, 8 /> miRNAs 3R ik
T, 2R EFIFE L (P<0.05;F2) . AN
H TargetscanHuman 7.1 K miRDBVS AN 54 )22 [
A XX 151> miRNAs 57750 2 PR il , 45 2R 1 7 22
SRR 154 miRNAs BUFEIE R AT 1 457 4,
23 ERRIZHImIRNAs B¥EE F KEGG 1 GO
T

F AT A KEGG (Kyoto Encyclopedia of Genes
and Genomes ) B4 5 X} 22 57 38 1) miRN As 1) 508 3
AT A W5 B2 o BT, B SRR 4R A fe s 1) 1
FAF T WK 3A s, Hid s 4 T PI3K-AktfF
53 AL ST 46 4 (1 3A) . H4E T PI3K-
Akt {75 5 38 B 1 46 A 88 I PR K FLX W Y miRNAs
TE L3 2, Ho i hsa-miR-19a-3p ¥ % PI3K/Akt {5
538 [ AF G () ¥ K B 4% PTEN (ITGBS . PIK3CB
PPP2R5E .SGK1.THBS1.TSCI1 .CCND2(32), PI3K/
Akt/mTOR {55538 B2 i A W n S 2m ik . FA)

16+

Relative expression 0f miRNA/U6

2 O A%
@@&&0.@:"‘@“

#E—25 1 F GO (Gene Ontology ) B4k [ X} 22 55 3 ik
) miRNAs Y #E3E RLEA T AR A 822 o B, R SE A
A = AL F A Al (K1 3B) . KEGG
5 GO/ R 5L N 5 g U ARG, PR IR
ATk — AR 5T T /0N S5 41 it 1 36 14 38 3 miRNAs
XF SH-SYSY 2 fifd 1 W (4 52 1)
2.4 SNCA-HM Exo # i& PI3K/Akt/mTOR {5 &
i B, % SH-SY5Y ApE B 1

WG 3 F 35 a—synuclein 1Y SH-SYSY 4l g
AN IS () HM 43U 714 (SNCA-HM Exo) J&
73 HE 18 1 miR-19a-3p 445 PTEN, M ¥ PI3K/
Akt/mTOR 15 5 38 [ , fe 290 6+ 28 20 . ) e, 3%
fiTB miR—19a mimic LA & miR-19a inhibitor 43 5 5%
Yu SH-SYSY #fi i , Wi %5 & 1% PTEN Dk £ PI3K/
Akt/mTORZ 518 MK 11 TR 2 . Western blot
6 I 45 5 7R, Con—HM Exo+miR—-19a mimic 2 5
SNCA-HM Exo 2 PTEN (F = 47.429, P<0.001) .
LC3 /1 (F =64.295, P<0.001) ik # 5 Con-HM
Exo X FEALA LY BL T M, 2 R A G223 X
(P<0.01; 8 4) , i SNCA-HM Exo [&] i 111 i miR-
19a inhibitor J5 PTEN (F = 47.429, P<0.001) ,1L.C3
/1 (F=64.295, P<0.001)% k5 5 4 SNCA-

Con-HM Exo
[ SNCA-HM Exo

Ca « e Ca
AN oY W N o P
g N g K Lo N
& & 6.\3. & & 53' &

After further detection by PCR, we confirmed that 7 miRNAs were up-regulated and 8 miRNAs were down—regulated among the 20 differentially
expressed miRNAs. miR-19b-3p (¢ = 12.759, P < 0.001); miR-19a-3p (¢ = 10.805, P < 0.001); miR-29b-3p (¢ = 9.335, P=0.001) ; miR-27a-3p (¢ =
9.703, P=0.001); miR-UL22A-5p (¢ = 4.885, P=0.008); miR-4284 (¢ = 8.179, P=0.001); miR-5000-3p (¢ = 5.108, P=0.007); miR-4714-3p (¢ =
16.077, P <0.001); miR-671-5p (¢ = 27.884, P < 0.001); miR-3154 (¢ = 17.344, P < 0.001); miR-3140-3p (¢ = 14.500, P < 0.001); miR-4270(z =
23.383, P < 0.001); miR-5703 (¢ = 23.754, P < 0.001); miR-3664-3p (¢ = 15.372, P < 0.001); miR-4708-5p (¢ = 20.29, P < 0.001). Compared with

the Con—HM Exo, 1)P < 0.01, n=3.

2 PCREGIE/NRBRABR@SM A i £ 5 3R 15 B miRNAs

Fig.2 Identification of differentially expressed miRNAs in microglia exosomes by PCR
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R1 FENE RSN B B ZE 7R IKH miRNAs
Table 1 Differentially expressed miRNAs between
GFP-con HM Exo and GFP-SNCA HM Exo

Foreground—
Fold change
Names Background
B/A A B

hsa-miR-5000-3p 8.517829702  65.5 555.5
hemv-miR-UL22A-5p 8.304144048  89.5 740
hsa-miR-4301 5565520539 314 1740
hsa-miR-29h—3p 4856814373 274 1325
hsa-miR-19h-3p 4403458243 160 7015
hsa-miR-4284 4363122088 5055 2196
hsa-miR-19a-3p 4321759488 3135 1349
hsa-miR-668-3p 3.932885508 101  395.5
hsa-miR-27a=3p 3.876340862 327.5 1264
hsa-miR-4638-5p 3.863482282 460 17695
hsa-miR-3140-3p
hsa-miR-4714-3p
hsa-miR-4708-5p
hsa-miR-4270
hsa-miR-5703
hsa-miR-3908
hsa-miR-4278
hsa-miR-671-5p
hsa-miR-3664-3p
hsa-miR-3154

0.040570794 557 22.5
0.071935585 9145 655
0.082719497  728.5 60
0.089496763 2525 225
0.101479902  336.5 34
0.128281791 321 41
0.146087645  247.5 36
0.175256151 447 78
0.186234838 1221.5 226.5
0.186304859 593 110

Twenty miRNAs with the most significant differential
expression were selected, of which 10 were up-regulated
and 10 were down-regulated. Fold change: the ratio of nor-
malized intensities between two conditions (using normal-
ized data, ratio scale). Foreground-Background: the signal
of the probe after background correction. A: Con-HM Exo;
B: SNCA-HM Exo. n=1.

HM Exo ZHAH HA, S H R IA U RGN, 22 %A 51t
¥ X (P<0.01; ] 4) ; Con-HM Exo+miR-19a
mimic 241 5 SNCA-HM Exo 41 p-Akt/Akt (F =
57.852, P<0.001) . p—-mTOR/mTOR (F = 40.435,
P<0.001) P62 (F = 42.105, P<0.001) £ k& 5
Con—HM Exo X REZHAH L, Y B IA B, 2% H
il #E X (P<0.01; & 4) , i SNCA-HM Exo [A] i
Jn ] miR-19a inhibitor J& p-Akt/Akt (F = 57.852,

P<0.001) . p-mTOR/mTOR (F = 40435, P<
0.001) .P62(F = 42.105,P<0.001)7& [1 3k 5 Faali
SNCA-HM Exo #H LL#, ¥ BB W B AIG, 22 R A 40
B X (P<0.01;K4).

3 i %

WA 4 AR 2 — Bl 2R AT PR , B R &
B BLRE UM Lewy /IMATE 22 15 i BE A 2270 1)
I BT AR DL S 6 22 1 g e pf 28 o6 1 28 R A
PET- o Lewy /IMARY F 2 a—synuclein 85 FH 41 -
a—synuclein 2 4 A LIS /NSS40, 51 A/ IMES
JOT 200 JH P R R N SR A AR I 0N R i 4 i ]
SR 20 H WEY) RE A, 3 H S B 2 oo
B Z— o W e i A P A S0 240 R 25 P
fiffe 13 BB, ST 5| L AR AR PESE T . BFSE R B,
FEMA 4 AR B o B v i | v ] LUR B R 2 1
JEREph Z T IVEH] X 5 B WA ik S A 1 R4
Ji Rl 8 R A A O RS A B, [ W R A T
i 3 B PISK/AKYmTOR {5 5 38 % , 3005 4 0E I
N7, INEE A 4 AR Y R AL . B ETAR 2850y
P, A Wk 2 T <2 AR g LA FLAIL o v ) L
AT R WA AT AR R IR T A 4 AR T
MEEFEZ 7,

A IAAR SR — T 240 0 53 D6 B /N S, L RT R )
E 20 it B) % B 26 5 mRNA Ml miRNAs 269 i &
ALY IIRE . AR Z2 A0, G35 Pl 2 A/ NI B 400 i
SEX ] 3 WA A A AR | AP WA BT #E 4 a—synuclein 2
I AE A 2220 B 55 /N B T A0 it 22 m) A3k FRATTRE
FEFSE B, i F 3K a—synuclein i SH-SYS5Y 4f
Jf A0 54438 5 miRNA-19a-3p 4% PTEN 18 % , i
TV 32 AR /NS J3 4 A 1 W55, AT L 7] ee—synuiclein
X MAPK 38 6 A0 0T R0, A 2478 e Jo 240 e 1) e
PTG o AR SCHEE fUORESE T /N B 5T 20 B R 3K -
synuclein () SH-SYSY 4t il 4 W 1 53 16 Ak J5 X6 4
SRR A Y S e S AL RIS T /N R 2
ML AMMATEH P i A SRR

MicroRNAs (miRNAs) f&& — 25 /N5 F [ RNA,
38 2ok 5 AL DAL Y 3 v A g 5 DX ) e A TE X 4
B 0 R ) B R s, R AR T RE .
miRNAs JFERE LR 3RIK) 2 22 5 1 A4 2000 55
ZARATPRBENA Y A R A SR N L AR AL O
AR o A SO B 3 Fe 3K a—synuclein [ SH-SYSY



62 HlR A2 (R AR 22D

423

PI3K-ALt signaling pathway
Protein digestion and absorption
Focal adhesion

AGE-RAGE signaling path in diabeti li

Longevity regulating pathway
Small cell lung cancer
Pathways in cancer

Signaling pathways regulating pluripotency of stem cells

SNARE interactions in vesicular transport

Proteoglycans in cancer

Sig pathway of DE gene

[46 genes]
[20 genes]
[32 genes]

[19 genes]

L L L L L L

0 1 2 3 4 5 6
Enrichment Score (-log,, P value)
I Biological Process ik
I Cellular Component
I \olecular Function
35k
~
£ sf
=
<
-
Q
= L
=25
=]
'_n'
<
<]
3 T
()
1%}
=
=
g 15
=
<o
=)
=
=
05
N S DS @ FOIES '\5\ & & g:? OSSN S S S S g»“\ & %m"‘\ & ,s\\ & '\‘\ ﬁ\\
b-\"q“’\*“\“\\b “&sw“@@@'sxgu’\”q"%“@gm\@ S &
°Q§§§ “Q‘“Q&&&'““&“'?&%S“&“@"o&‘d%“'oF ggomo§
FEE o°o°o°o°o°e°o°e S ELFEFLLELFELEELE o°o°c>°o°e &
S NP & & N S i SR SN St i I I SO
O) ,\19, ‘E\s "@ R > o & & & RSO i R R
r &
. \eQ K4
&
3
od
«
B

A: KEGG analysis of the differentially expressed miRNAs showing the 10 signal pathways with higher enrichment score of target genes. There are

46 target genes enriching in the PI3K Akt signaling pathway. B: GO analysis of the differentially expressed miRNAs showing the 10 signal pathways

with higher enrichment score of target genes.

E3

/MBS BB B S i T 22 57 RA B miRNAs HY$B R E KEGG 247

Fig.3 KEGG and GO analysis of differentially expressed miRNAs in microglia exosomes.

2 470 DA AR S T 1) /N JE BT 4 53 s 1 A W
T miRNAs #EAT05 7 200, BIF9E 1 /0N B o 40 Ffa 41
WA ) miRNAs X 22 41 [ WD BB Y 520

FA 138 1 miRNA JE RS Fr H ARG I % BE, 9

1 38 a—synuclein B SH-SYSY 21 Jifd 71 306 14 3] %
19 /1N IS Tt 40 i 5 6 F) 1 3 A (SNCA-HM Exo) 5

Xf HRZH AN A 22 (R A7 7F 3235 22 5 1) miRNAs, 45
hsa—miR-19a-3p 5% . il i TargetscanHuman 7.1 }2
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Table2 Differentially expressed miRNAs in microglia exosomes and their corresponding target genes enriching in

PI3K Akt signaling pathway

miRNAs

Target genes enriching in PI3K Akt signaling pathway

hsa-miR-19a-3p
hsa-miR-19b-3p

hsa—miR-29b-3p

hsa-miR—27a-3p
hsa-miR-3154
hsa-miR-4708-5p
hsa-miR-4270
hsa-miR-5703
hsa—miR-4714-3p
hsa-miR-4284
hsa-miR-5000-3p
hsa-miR-3664-3p
hsa-miR-671-5p

PTEN, ITGBS, PIK3CB, PPP2R5E, SGKI, THBSI, TSCI, CCND2
PTEN, ITGBS, PIK3CB, PPP2R5SE, SGKI, THBSI, TSCI, CCND2
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After bioinformatics analysis, we found that the target genes of miR—19a-3p regulating the PI3K/Akt signaling pathway includ-
ed the following: PTEN, ITGBS, PIK3CB, PP2R5E, SGKI, THBSI1, TSCI, and CCND?2.
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Expression of PTEN/PI3K/Akt/mTOR signaling pathway—related proteins detected by western blot was analyzed. PTEN/GAPDH (F = 47.429, P<
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