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Abstract

Objective: A large amount of microRNAs (miRNAs) have been found to be abnormally expressed in
various human diseases, including Alzheimer’s disease (AD). The current study investigated the
expression change and clinical value of miR-320a in AD patients, and further examined the role of
miR-320a in AB-induced neurotoxicity in SH-SY5Y cells. Methods: qRT-PCR was used for the mea-
surement of miR-320a expression levels. ROC curve was established to calculate the diagnostic
potential of miR-320a for AD. CCK-8 and flow cytometry assay was applied for the detection of cell
viability and apoptosis. Luciferase reporter assay was performed to confirm whether PTEN was
the target gene of miR-320a. Results: Serum miR-320a was lower in AD patients than that in
healthy controls, and was positively associated with the MMSE score in patients with AD. Serum
miR-320a had the potential to distinguish AD patients from controls, and the diagnostic sensitivity
and specificity were respectively 85.5% and 87.0% at a cutoff value of 0.827. MiR-320a attenuated
AP25-35 induced neurotoxicity in SH-SY5Y cells, and PTEN was the target gene. Conclusion: The
present results provide evidence for miR-320a as promising biomarker for the diagnosis of AD,
and overexpression of miR-320a attenuated Af induced neurotoxicity in AD by targeting PTEN.
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1. 5|8

B IR 2R BRAE (AD) A& — P8 AT PR IRAT TR, BN B RRE B WL R Rl 2 —[1]. A
AD FEFAEIGIR ERAICIZ )32 KA AIRE 1 T BENRHE, AR EFFE 2 ROTE 7, 12481k, M
X AD BEEIGIT 76 I8, AD B BIRAIRER R B (G AZ R e, 2 I8 % g A R B s i A
[2]. #£ AD IGRRIREZ AT, KWL X O AR A T & ICERNMARHAHRE. Kk, 2
BRI A b S BT AD (RS, T AD TG T EREE,

ITAESR, microRNA (miRNA)TE A 5 Hh AR I 52 BBRER 22 (1067, AR AN S5 A= P 1 v
LHE B REEMMEH3]. MIRNA 2 —2/MUHESIS RNA, Bt SR T 3- X (UTR)E S, £
55 A Py B DR R TA (G SR S5 T [4] . BRSREE 2 IRIEHE R B, miR-320a 2 5414 K & IIRTE[S]. IEHAMISC
TR, miR-320a £ AD HE (L5 MK B W(CSF) 2% Nif[6]. {H/E, miR-320a £ AD KK
VE AN AENLE M AT 2

EARWEFF, FATHE T miR-320a £ AD E&E HIFRIEBUFIEIRINE . 4G qRT-PCR &5 58, i
SE AD B IME H 1 miR-320a 4% F . thah, FATEE—SHIF T miR-320a 75 AB 75311 SH-SYSY 4/
PRV IIER
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2. WAk
2.1. AR RFEFRBE

AR 110 4 AD B3, LT H 100 LEREEREE AT RA . Fra N AR T 5
A, 7 RS LT L X Z Y A B A 2 (L

2017 4E 1 HE 2019 4E 12 A, g B &5 X5 NINCDS-ADRDA FrifEfii2[ 7] HR I 5, — it 2,
SIS F G AR AR R AR SR A (MMSE) O & 25 5, #fe e I AT R R . HERRARHELD R,
FAT RO, YR, JAE, TR, SRk el t ot g KL 2 OB RO s ) B HERR e R e
Aho A 12~14 MR, WEANS5EFIE S ml ANEFIEES, B0, BB, JFE-80C F{#
17 DAEAT i — 2D 5

2.2. ZRPRIEFTAEER

NHZERESH MR SH-SYSY 2 th 36 [ LR 55 72 W) 58 O (ATCO) e it 4B MIrE A 10%06 4 L
JH(FBS; PAN, Aidenbach, 7% [E)f] Dulbecco i K il Eagle 157 %(DEME; Gibco, CA, FE[H)Hikirhs
F%, BigRRasE N 37°C . 9% 24 /NS, N AB25-35 (25uM/L; Sigma-Aldrich, 3% [ %5 75 BN 3£ 8% 5) 1),
WE 24 /NEE, B S HEAT4H A Gt

97 AT miR-320a FE4NAE T %L, F Gene-Pharma A ®)( L, 1 E)IRALH miR-320a HflY),
miR-320a #1771 B B 14 5 (miR-NC) & 4t SH-SYSY 40, 7F AB25-35 MbF 2w, 4% M85 i B,
{# F Lipofectamine 3000 (Invitrogen, Carlsbad, CA, USA)¥ miR-320a 4l #)(miR-mimic), miR-320a #7il
#(miR-inhibitor)B miR-NC #4240 b . Y45 24 /NI, WCRAN R 4H 4 i FH 1 Bl s 1) s
2.3. RNA $ZEVMSERI E & PCR (qRT-PCR)

TRIzol i 7(Invitrogen, Carlsbad, CA, 3% [E)FH T MIMLIE LM HHEEUE RNA. #iE RNA 4%
AR B )5, 44 F PrimeScript RT {7 &(Takara, 7 57, HA)¥ RNA Wi 5% 8 cDNA A5 SYBR green
I Master Mix Kit (Invitrogen, Carlsbad, CA, USA)i# 1T qRT-PCR LAJl| & miR-320a 1% . miR-320a fIAHXS &
I 27 RS, T U6 fE NN S, PCR RN ZEMEUN R : 94°C T 2 min, 4RJ5 94°CARME:
20 FF, 60°CAZE 34 b, IR 40 K.

2.4. CCK-8 ME

CCK-8 47 Fl F- 40l 77 A I . 4ol 2 > 10* 40 /7L I 2 FE el B 96 FLA . FE LS5 24 /1
I, R 10 ul CCK-8 VTR & BB FR AL vh, FEIE & 1/ o SR, 38 3 A Sl f LA 3 B 23 (Bio-Tek Instruments,

Winooski, VT, USA)E2HY 450 nm &b IR RGN A% E . IF B S Ao eys 205 0 AT H 7 b
2.5. AT

Annexin VFITC 20 g 124 1A & (Keygen Biotechnology, A [E i H)H T S4iiui T, B
AR AE B T E 10 40 8h, i 2~8°C . 485 fd | FACSCalibur #iz041 f2{X(BD Biosciences,
2 EINAIAR JE 2 AT Z€) THE A0 B R T2

2.6. RAREREERRN

TargetScan 7345 & W], PTEN 7£ 3°-UTR 4L HA miR-320a HITEFEL G070 . BTG R MGR &
FEIRIIN 2 PAIFSE PTEN J& 75 42& SH-SYSY 4 miR-320a AUHEIEA . & A 7 A& miR-320a 45407 A
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PTEN 3’-UTR 4B A B (WO BLRAE Y (Mut), F5H e B 2] pGL3 %'t R BFE & (Promega, Z7idiidh,
TR RN, SEE)H, I LB EAT miR-320a ALY, miR-320a $IHFIEELIL NC, #IH]7F] NC 1)
SH-SYSY ZHM. %5 2% g v 1l i 5 FH XU ¢ 't 3% Il 4138 771 L (Promega Corporation, Wisconsin, USA)
D, IF ELAE A 5% ' 3R g F AR A 30T B CAEAT AR Al o AR HEAT A 0T Acb 34 PR 4 0 s 1 o Ay o B

2.7. Gt

AR R R INIIME £ ARHEZE(SD). R T LL B AR &, 2R ¢ RS0 T b S i .
fif H 58 1) J5 22 57 BT (ANOVA), R JG AT Tukey #ATZ EHEME, WEHAZHMESR. KA
Kolmogorov-Smirnov (K-S) 1IE A& 56 % B4 1247 IE AL, AKILMIE miR-320a /K15 MMSE W70 7 4 1E
A IBILHAE Pearson FHIE REFCKIEAS M5 miR-320a 7K F 5 MMSE 0 2 [BIKI#= R . 262 E T
PEFRFE(ROC) M 2k, FFTHEZ I 4 T BT F(AUC) BAVFAl miR-320a Xt AD K2 Wit P <0.05 #f e
RNERBE G E . 8 SPSS 18.0 It 4-(SPSS Inc.)A! GraphPad Prism 5.0 #({4:(GraphPad Software,
Inc.)BEAT BT 204 7047

3. &R
3.1. ZiIAENERRHE

W 1 R, ZWPRIEEET 110 4 AD B A 100 A @Rt . Eba 2k i N D Geit 2 Al R s
fE, PR [AAEAERR AN TE S /A BT B2 2 (P > 0.05). {HZE, AD H#E# MMSE $¥73(17.33 + 3.96)
Eifg e MA(27.40 £ 1.62)/H L R EFK. teah, fa Xt B4 M35 miR-320a 7KF24 0.59 + 0.15, 1 AD
SR A B IK SR 1.00 £ 0.29.

Table 1. Clinical characteristics

F 1. ImAREHE

A {8 FE 4 (n = 100) AD ZH(n=110) P-{E

e 70.93 +£3.21 70.61 +2.82 0.441
PRI L) 52/48 64/46 0.368
MMSE ¥4 27.40 + 1.62 17.33 +3.96 <0.001
miR-320a 1.00+0.29 0.59+0.15 <0.001

3.2. MiR-320a 7£ AD P T

47 qRT-PCR PATFH miR-320a 7£ AD B3 MG IRIE. & 1 fizx, AD B3 HIMLE miR-320a
TP 2B T e R ZH (P < 0.001)

3.3. [I{& miR-320a 5 MMSE #ES5HIXER

MMSE 73302 T 2 A8 H FA R T REMNES, & nl U RAS AR O ER S o FEARBFF R, AT T
MMSE 34> 5 AD #3135 miR-320a FikHIAHEME . 45 L0, AD B M IMLE miR-320a 5 MMSE ¥
S EIEFIE@Tr=0.651, P<0.001, [42).

3.4. MiR-320a ¥t AD B EZ SN {E
HT AD B# 1 miR-320a M5 /KF 5@ B MEFAEREZR, HHAEEHE AP ME S| miR-320a Ifi
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ERIEE MMSE ¥4 2IEMSE, KILEATH—E 7 72K 5% miR-320a X AD FIZKE 1. MR
miR-320a FIMIE /KT, 857 7 ROC HiZk, KIL AUC N 0.885, IGFHMEN 0.774 HITEILTR, 2 R U A

R SEET 5N 90.0%A1 81.0% (4 3).
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Figure 1. Expression of miR-320a in serum of patients with AD.
***P < 0.001
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Figure 2. Correlation between serum miR-320a level and
MMSE score in patients with AD. r=0.651, P <0.001

[ 2. AD B & MM E miR-320a 7k F 5 MMSE IS BB X1 -
r=0.651, P<0.001
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Figure 3. ROC curves were constructed to evaluate the diag-
nostic potential of miR-320a for AD
Bl 3. #3#7 ROC BhZkLAITAE miR-320a Xt AD BYISHTE 1
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3.5. MiR-320a /&85 T Af25-35 550 SH-SYSY #HZ MM

TEX IR, F AB25-35 AbBE SH-SYSY ZH A LA 240/ AD 52, DLigk— 4R R miR-320a 7£ AD
FRIThEE. MIE 4(a)KIL, 75 AB25-35 4bFHJE, SH-SYSY 4filrf miR-320a ik B3 K. H4b, S5xt
FRZHAHEL, AB25-35 AbEE A #HEZE JOAH ML (1) A Hu 3 770K 52 21 W 2E I (5] 4(b)). [FIFE, AB25-35 AbHE Al i3
TEBEAIHIE T2 (] 4(c)). IXELLEREN, MINES 7Y AD #7A, A, 5 AD B35 IS RIA R
8L, AB25-35 AbFR B FEAR T M & o4l i -H miR-320a [RIEKF.

PATHE—PERET T miR-320a (115X E SCAH Mg J3 AR TR s . Gl AR Y, miR-320a B4
Al L miR-320a ()3R1L, {H miR-320a #I7)a] N H KL A 4(a)). R CCK-8, 73 & F| miR-320a [
IR IEMH] T AB25-35 KbHE T AN LIS 7 B, 1T miR-320a (R U 00 T 40 AR 77 (5 4(b)).
IEAh, miR-320a 1) B T AB25-35 i FHIAMEIE T, 1 miR-320a [ FIENNE T AB25-35 X4
AT SEFH(E 4(c). XECHHR R, miR-320a 855 T AB25-35 % SH-SY5Y 4 wh & 351k .
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Figure 4. MiR-320a attenuated the neurotoxicity of SH-SY5Y cells induced by AS25-35. ***P < 0.001, compared with the
control group; Compared with Af group, #P < 0.05, ##P < 0.01, and ###P < 0.001

4. MiR-320a 55 T Ap25-35 1FSH) SH-SYSY ZHREMHE S, *+P<0.001, Sxt8LEMELL; 5 ApHEMBL, #P<
0.05, ##P<0.01, ###P <0.001

3.6. PTEN & SH-SYSY ZApad miR-320a RU$EEH

FR 4 TargetScan 73 #r 455, FA1E Z F miR-320a 7] LA 5 PTEN ] 3°-UTR 454, X3 B PTEN 1] fig
/& miR-320a MBI FZER (4] 5(a). SRJG, FRATHEAT 17290 BaR & LRI, DLt — D ISIE PTEN
RS E miR-320a FEEAEAR. WK 5(b)F7R, 45 REY] miR-320a () ERH0H] 740002 6 R B,
1M miR-320a [ N MR T RGBS . 27 3 PTEN RAZFRY) SH-SYSY 4, HOLRM
T TEANZ miR-320a FIEE M. K, PTEN s SH-SYSY 40+ miR-320a [#EHE[A .
4. i1ig

AD AR ZIAE, WHE AL RAE, W R B R A2 8], HAT, AD EAYIR
hRHE, (B2 AB FILBEERIL I tau B8 (I 7EAR G SR AT 4R 95 5 o (R R A2 AD ORRA R RI[8]. fEA
wroed, FATHAE 7 AD BFMIET miR-320a R ELHAIERE, FFE—PHR T miR-320a Xf
AB25-35 W55 SH-SYSY 4HMuiE HAPH T ER .. SRRy, SMEHAMI, AD &3 i+
miR-320a R IE PR EC. M7E miR-320a KA S AD £ MMSE 17 2 1EMH5G, XT AD €1
BWINE. A, RSN HE— DR E, miR-320a Jk3E T AB25-35 S SH-SYSY AR FtE,
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1M PTEN W] §& /& HABIE[R]

a
® Position 4736-4742 of PTEN 3'UTR 5'..UUCAUAUUGGUUGGUAGCUUUAA...

hsa-miR-320a 3" AGCGGGAGAGUUGGGUCGAAAA
(b) 25-
sk = Mock
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Figure 5. PTEN is the target gene of miR-320a in SH-SYSY cells. (a) MiR-320a
binding site in PTEN; (b) Overexpression of miR-320a inhibited the activity of
wild-type PTEN transfected cells, while down-regulation of miR-320a promoted
luciferase activity.***P < 0.01, compared with the simulation group.

& 5. PTEN 2 SH-SY5Y #HAE+ miR-320a AJ¥BEE. (a) PTEN HH) MiR-320a
HEMLR; (b) miR-320a BT FIAHNH T #5254 B PTEN BO4RREREM, M
miR-320a B T IFM(RE TR REEREME. *P <0.01, SHEHEMELL

TR R miRNA 78 AD 3 7 RiA, 9141 miR-29¢-3p, miR-19b-3p, miR-34a-5p [9] [10],
LT miRNA JITE AD K JEHFIGEIER . fEARFH, BATRIS R ALAHEL, AD B3 s+
() miR-320a % FEC. SIATKIMELE R —3, il CIE miR-320a IEH/KF-AE AD &3 7 &
£[6]c MMSE 7380& ) Z A A A DRSS, B rT DURBAS ARG ERRAS[11]. FATERIL, AD &
I IM5E miR-320a 5 MMSE 194 2 1EMI5%. FTAIEHEERP, miR-320a 7EMH B AT M0 1 & AR AR J2
HAA R REBEER.

MiRNA 7£ [ P e g ik, 76 MLE TP miRNA bR SV AR 2 NP I e, 4
RS2 BRI 2 I OGE12]. CfE miR-320a 52 VF 2 ik e b () B B R 1 13] [14]. 5T AD &
H LIS miR-320a 15 H KL, KI5 MMSE PP IR E G, FATE—DH 5T T miR-320a X AD )&
Wik /1. ROC #8745 R K B miR-320a KA B MM WidEwitE, Tk AD B8 SR X 73 IF

TEMFEE B IK(AB25-35)2 AD HEMFEE A BRI By, 4R 4RIE LA 22 o 4 i vh R I H A 2 13 1k
YERI[15]. fEXWIRFFES, H AB25-35 AbFE SH-SYSY ZHAUE T4 AD KR, DLt—HB4%& miR-320a
1E AD FThAEE. 5 AD B3 M R EEEE —80 Mgt Ap25-35 A HE K T miR-320a fIRIA
KF. FE—PRIEIE SR, miR-320a i RIATTIES AB25-35 311 SH-SYSY 4HEHIHH&E M.
G RZH TR miR-320a AEA, FRATIAEI S E SH-SYSY 4ffirf miR-320a HEIEDR . fR4EE IS
TargetScan BHATFELE T, PTEN B N miR-320a (A @MLK . b, BATE—DHIT TREE
FE R 25 L IR, A € PTEN /& SH-SYSY 4ififiH miR-320a [14$E3E A,

PTEN (phosphatase and tensin homolog deleted on chromosome ten), i 10 54 thfk b, 2&—Ff5H
FE A R BIRES, HA & A A R R R . SE TR K, AR A R AR [ 16].
PTEN Z 51 RA, wERmIMEK, TSR AlmT BN E[17]. &8 KECHIEY, PTEN
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AT DA 5 40 A K ANAETE AR DG I 4H A5 5l g, A48 PIBK/AKT {5531, X7E AD MIRAEFIR &+
L B MEM[18] [19]. BhAt, 78 AD FA £ EHH] PTEN §5 1 n] DU b 2 (37 IR P4 i
FACRITE, NI SRR 2 B [20]. BEAh, COEBIAE AB25-35 AbEER) PC12 4iiffiH PTEN E‘J%%J‘&K%
W 21, g4 LkRgER, FATHEDN miR-320a 1 Tﬁ% Eid 40 PTEN /£ T PI3K/AKT 15 S, M
IS AD O B-TEM R S SO EE . (HA2, X —HEW T B D B FOR IR AT R, JFH
FOZIRZ E AR B .

25 L FTIR , AN LI 45 AR H I3 miR-320a BT LAVE 121 AD A Ji & 0 E AR B4, H H miR-320a
ik @ # A PTEN Jk55 1T AB 7551 AD M4 #it . XN miR-320a 5 AD BRI
AL T EER IS A, H miR-320a B AT RERA —EIRIT AD B 7.

E&WE

AHI ST L X R G 2R A 3 TR A 2 2% 5 vk B B JR 24 i BRORE L3 T A b SR R AT
77 % B(19-E-29).
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