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BADLE R 3a (Wnt3a) . BIENE (B—catenin) . HEIEA K H-38 (GSK-3B) M tau & R ILMIF M,
N2 TR 3 tau B 5 R R AL ML B SR BER R . AR (RIS IR PCI2 AN 4 BN B F 0. 100, 200
400 pmol/LAY AL (mal) sV 24 h, RGO AH IS FEAG MR (CCK-8) A0 I 40 MIE J7 5 SR FH LI 2l 5 it
PCR (RT-qPCR) VA miR-497-5p Fl Wnt3a FER R, RGN AN Wnitda, B-catenin, GSK-3B. P-GSK-
3B (Ser9). tauFlP—tau (Ser396) HIHAAXFEiNGL, /s iilied B RN MEHNRILGES . &R PCI2AETE )
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(F%=14.888, P=0.031); Wnt3a 3k R AHIXF#k FE 40 FR 8857 B 938 i R (Fes=165.934, P<0.001); miR-497-5p
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Abstract: Objective To investigate the effect of aluminum exposure on expression of miR-497-5p, wingless murine
breast cancer virus integration site family member 3a (Wnt3a), B—catenin protein, glycogen synthase kinase-3B (GSK-
3B) protein and tau protein in rat adrenal pheochromocytoma PC12 cells, so as to provide insight into unraveling the
mechanisms underlying aluminum exposure—induced abnormal phosphorylation of tau protein. Methods PC12 cells were
exposed to Al(mal); at concentrations of 0, 100, 200, 400 wmol/L for 24 h. The viability of PC12 cells was measured
using cell counting kit—-8 (CCK-8) assay. The relative expression of miR-497-5p and Wnt3a was detected using a real—
time fluorescent quantitative PCR (RT-qPCR) assay, and the expression of Wnt3a, - catenin, GSK-3B, P-GSK-3B
(Ser9), tau and p—tau (Ser396) proteins were determined using Western blotting. Results The viability of PC12 cells ap-
peared a tendency towards a decline with the increase of aluminum dose (Fi..=323.473, P=0.001). RT-qPCR assay de-

tected that the relative miR—-497-5p expression appeared a tendency towards a rise with the increase of aluminum dose
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(Fueni=14.888, P=0.031), and the relative Wnt3a expression appeared a tendency towards a decline with the increase of

aluminum dose (Fui=165.934, P<0.001). The miR-497-5p expression negatively correlated with the relative Wnt3a ex-
pression (r=—0.693, P=0.012). The expression of Wnt3a (Fi.=357.656, P=0.001), B -catenin (F....=208.750, P=0.001)
and p—GSK-3B (Ser9) proteins (Fu.i=512.583, P<0.001) appeared a tendency towards a decline with the increase of alu-
minum dose, and the expression of GSK-3B (F\..e=39.965, P<0.001), tau (Fia=277.929, P=0.006) and p—tau (Ser396)

proteins (Fu.i=96.247, P=0.002) appeared a tendency towards a rise with the increase of aluminum dose. Conclusion

Up-regulation of miR-497-5p and GSK-3f expression and down-regulation of Wnt3a and B—catenin expression may be

a mechanism underlying aluminum exposure—induced abnormal phosphorylation of tau protein.

Keywords: wingless murine breast cancer virus integration site family member 3a; tau protein; miR-497-5p; glycogen

synthase kinase=3[; B—catenin; aluminum; Alzheimer's disease

B0 SR R R BRI (Alzheimer's disease,
AD) ZErPRX A IR T PR ) AR R R L Al
R GELE R AD AR R — 2, B
W BERERR ALY tau 2K ATERI AN SR 285
RPN IE o WA U -3B  (glycogen
synthase kinase-3B, GSK-3B) JEVH 1T tau & HBEIR
K B o BIFSE R, o BN UL B
i Ie s 5 B R KT 3a (Wnt3a) /B-IEMER
F (B—catenin) /GSK-3B G5l %225 AD B #H
tau £ 57 0 BERR AL M5 57 T2 ), Wnt3a/B-
catenin & FIMHI A0S GSK-3B 11, S5 tau 1
SRR, 1 RNA (microRNA, miRNA) 7EH X
LRGIMAZ, MNHERKE M
YERT, #4F miRNA W52 tau 22 W BERRAIL, 5
AD SEZRIRT TIPSR R A B UIAH I . TargetScan Fl
miRanda ZRZEREMIEEHEEREN], miR-497-5p
5 Wnt3a 3 '"UTR fAE EANEGNLS B LR BE g%
4 fifL 95 43 1k 40 ffL (adrenal pheochromocytoma cell,
PC12) HA SHEAMARIRIEE . Az AA LI RE,
R AT IR —, B8z
THE RGPS . ARFTEEE R EE X R
L PC12 40 tau S5 AHCHE IR REI , h SRR R
S tau 8 5 E BER AR AT S5 AR

1 RS

1.1 EZZME 5KA Applied Biosystems PCR
(ZEH Life Technologies /NT)) s Universal Hood 11 BEIR
AL (£ Bio-Rad 247]); DYY-7C BEKHLIKX
(AL S—1LER) )5 SpectraMaxM [ BIEEFRL (32 [E]
Bio-Rad AH]). PC12 4HffL (@orfbRd, T ikt
YRHEABR A . DMEM mlikigedt (Jbaifrope
PRI ARA R, HHERRIESW . EDTA-K
HAMHHR AU RRFRHARA R, JG4F G
(LR AEYRE R ARAA), it

SH30022.01, P1400, T1300. 21110701; Z#ZHr (3
Sigma A7) ; S CREXGLARRIRHHAT R
v Al ) ;5 RNAiso Plus, PrimeScript™ RT reagent Kit
with gDNA Eraser., Mir—-X™ miRNA First—Strand Syn-
thesis and TB Green®qRT-PCR. TB Green®Premix Ex
Taq™ Il (HZA TaKaRa EH) THEAH]), b5 : 9108,
RRO47A. 638313, RR820A; BCA [/ wil il & .
BT F AR B LA 16G (JL Rt 2
EYREARAED), HitS: CW0014S, CWO0103;
Wnt3a, B-catenin, tau. Rk tau 2 (p—tau)
(Ser396) . a—tubulin (& [E Abcam A H ), 5
ab219412, ab32572, ab76128. ab109390., ab176560;
GSK-3B. p-GSK-3B (Ser9) (WiIHAZ: : Y ARG R
AR, #t5: ET-1607-71, ET-1607-60,

1.2 Fi&k

1.2.1 ZZFmE [Al (mal) -] JedEmcHl  HUE &
SALSE L 2R R o0l AT i e KR R K
0.22 wm JEMHMIE, —20 CIATF. i HIDE: 22 25w A
SRR SFABUR S, H 10% 1Y & AL B
P pH (H 2 7.4, 58455 9% HL M B 22 I il W B2
IR

122 MR IR M GeRE SR 10% fa 4 i A
1% FHET RN DMEM mBiE R, 737 C. &
5% 4 CO. B FRAAT R . B Ab T X0 ik (KA Y 20
DAREFL 1x10° MR BEHERT T 6 FLIL, 16~24 h S 4%
BN 50%~60% B UEAT 4R, 0 hI#EEE T 0. 100,
200 F1 400 wmol/L ) Al (mal) s ¥, Y4 24 h,
-80 CLRAF# I

1.2.3 SR oAl SR FH e R 40 6 1 5 A X
# (CCK-8) Al 45 2 4 MG 7 o B ik T X 45k
KA 4 LRl 5x10* M JEHERD T 96 Lk, HfL
100 pL, 415 ME L. 24 h J5 H AR R G
BRR I SE TR, ARELESR 24 h, BALIIIA 100 pL
SEASEFRILA 10 wL CCK-8 W, [RmHEin 5 a8
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FfLo 1 h 5 FEEAR A E P 450 nm AE WG EE
(optical density, OD). #Affli% 7 (%) = [ (OD sp—
OD =) / (OD yw—0D =4) | x100%.

1.2.4 miR-497-5p. Wni3a FER FXKENM % 6
LA 5 3R W, PBS SZvhRE VE 2 W, BALMA
500 pL RNAiso Plus T 1.5 mL B0 2B RNA,

KR L@ I RNA BI4ERE IR, OD2s0/ODago
1E 1.8~2.0 Z A5/~ RNA 4t i M8 0 5 ik
17 % 5 RS B 2¢O E 7t PCR(RT-qPCR) ,
miR-497-5p Fl Wnt3a fJNZ41 5124 U6 A1 GAPDH,
BA 3 AT, H 235 THE miR-497-5p Hl
Wnt3a FIAHXFRILE . SIWFHI0LE 1,

% 1 RT-qPCR 2|75
Table 1 Sequences of primers for RT-qPCR assay

e L1 IR

miR-497-5p 5' =CAGCAGCACACTGTGGTTTGTAAA-3'

Wnt3a 5' =GTTCTTCTCTGGTCCTTGGCTGTG-3" 5' =GGCATGATCTCCACGTAGTTTCCTG-3"
GAPDH 5' ~AAACCCATCACCATCTTCCA-3' 5" =GTGGTTCACACCCATCACAA-3'

1.2.5 tau FMCEAFRBRM  M-80 CrkFE HHL
AL S, fEZR)E LLESO2AR 8.4 em. 7 000 r/min
B0 1 ming SRAREEENTEIE, 7] f 4 40 BT E i
A 75~90 wL IR (B4R - B Il -
BERRBEHM R FATLL N 98 = 12 1), WITIRAS, vk
R 25 min J5LLELFAE 8.4 em. 14 000 r/min
L 10 min, WE BIEWT 1.5 mL 804, KA BCA
B R B VR o AR AR 4 R KNG
IR I 0 B B 43 s M, T 3 e e o R R AR
S 5% T o B IR W 8% 5%BSA (I +
BERRALE ) EIREH 2 h, 5 AR & T
K [FaBE LB 433 . Wnt3a, 1:1000; B-catenin,
1:5000; GSK-3B, 1:1000; p-GSK-3B (Ser9),
1:1000; tau, 1: 2 000; p-tau (Ser396), 1:
4 000; GAPDH, 1: 20 000; B-actin, 1: 2 000;
a—tubulin, 1:4000], 4 CHWHFIK. 5 2 KIMA
FARI R 40 QLSBT 1gG, FBEHLBIR 12 4 000),
37 CH#HE 1 h J5 TBST WM 3 ¥k, w b kot
B3, KM Image J B4, IR RO
ki, BT HIWE AR

1.3 %ito#r KA SPSS 25.0 Bbg it b, E
PRI IES 0, R R hrEZE (kxs) il
W, EENER T 2 W SR 5 . 3R -0 ¢
Z K H Pearson AT, LA P<0.05 AZESH ST

2 5 R

2.1 PCI2 e hthms R A RGEREn
i, PC12 4015 1 FFE (F wx=323.473, P=0.001);
0. 100, 200 Fl 400 pwmol/L 43 FEFIH4H PC12 4

M7 7343 318 100.00% . (97.55+0.10) % . (88.58=
0.07) %F (81.57+0.02) %,

2.2 miR-497-5p #= Wnt3a A B k& ¥ m &% Ff
ARG E RN, miR-497-5p X FEE ETT,
Wnt3a X R AR T (3 P<0.05) . miR-497-5p
X RIEAEES WntBa FHXT R X B ERAH L (=
-0.693, P=0.012), W% 2.,

F2 AREREZEF L PC12 41 miR-497-5p 1 Wni3a %
XA (n=5)
Table 2 Relative expression of miR—-497-5p and Wnt3a genes

in PC12 cells exposed to aluminum at various concentrations (n=5)

FAHEE/ (pmol/L) miR-497-5p Wnt3a
0 1.00 1.00

100 1.37+0.10 0.82+0.06
200 1.89+0.44 0.62+0.02
400 2.65+0.44 0.49+0.01
Fuyffl 14.888 165.934
Pl 0.031 <0.001

2.3 tau FAAAZOAAAMNER  HERREN R
RSN, Wnt3a, B-catenin Al p—GSK-3B (Ser9) #H
FARXS 2155 TR, GSK-3B. tau Fll p—tau (Ser396)
A RA R BT (B P<0.05). WA 3.

3 it it

LI FE N, A% 2 A A 7 v
tau B 5 F SRR AL SCEE (7 TSE AR o4y BDEE A0 A
% T 0. 50, 100, 200, 300, 400. 500. 600,
700 F1 800 pmol/L [ Al (mal) ¥, 5% BRTE
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x 3 ARG A PC12 1M tau SEHOCHE AR RILE (n=10)

Table 3 Relative expression of tau and related proteins in PC12 cells exposed to aluminum at various concentrations (n=10)

IR (wmol/LL) Wnt3a B—catenin GSK-3B p—GSK-3B (Ser9) tau p—tau (Ser396)
0 1.00 1.00 1.00 1.00 1.00 1.00

100 0.81+0.03 0.86+0.02 1.77+0.12 0.85+0.02 1.26+0.03 1.17+0.05
200 0.60+0.02 0.64+0.06 1.82+0.09 0.56+0.03 1.66+0.07 1.44+0.08
400 0.49+0.03 0.50+0.05 1.99+0.15 0.41+0.02 2.46+0.10 1.79+0.07
FrnfH 357.656 208.750 39.965 512.583 277.929 96.247
Pl 0.001 0.001 <0.001 <0.001 0.006 0.002

400 pmol/L I 41 1% 718 it 80%, 500~800 pmol/L
B AR TE ST 80%. PRIILARWFFERE Al (mal) ;5 2
FEURE P B E N 0. 100, 200 F1 400 pmol/L.,

AW WoR, BEAS B EE R BN, miR-
497-5p Fik FTFF, H miR-497-5p 7EARFIE4H 5=
AR AR HE/EH . miRNA 7EPAX s R 32 0,
TEMERE AR G R b & PR AR .
miRNA i i 5# mRNA /% 3'UTR ¢ S'UTR 454,
170 T 0L ) TR R A L A, A 3 B SRS R IR
BRAGIEF . SR R0, miRNA 7622 302 HA %
Die I E b EEAEH , miR-15/107 K%
W SR Rk S AD B 0 AL H 3 B A 5
miR-497-5p 5 Wnt3a ka2 HNAHIE, HRREFIDH]
Wnt3a/B—catenin/GSK-3B 1551 #% 1] g5 miR-497-
5p ik FIEA R,

Bt BF 2% 55 50 R AY 1S 0, Wnt3a Fl B—catenin 5
XTI 8 T, Wnt3a/B-catenin | IiF 8 I GSK-
3B Fik BF, SEMEAEMFREER " —E, W 55
WM T AR . PR kA . g ik
MREOR S ful n] SR PE P R B EAE M, 46 1 4%
HIE P (Wnt3a/B—catenin/GSK-3B) 1 2 P AEZ ML
# (Wnt/PCP Fl Wnt/Ca®) M HHHAF, LHiE g
£ AD B tau B SR BERR ALY & AL ot E
EH . GSK-3B & tau K 5 % W1k 1Y £ 2P
PR SERRE R . GSK-3B i Rk il T2 tau
WHERR AL AA B RS 1, GSK-3B £ AD R # Kk
R FRE, T8 tau BT BER LA 2L g 2
AT 2, FERURPE AD MIEEME AD &k fE
AR

BTG wu AT H R, HRER2
RN, p—tau FEORIKRZE LT, R
A B 28 B T BB 3 tau 2R 1 R AL 52 B
tau RS CEAT S EREH—F, EW
tau 2 (RIS B A 25 A 0 U0 R e RR s 1o AR

PERNZERENE, tau HEH 52 R B AL AT 5 EME S5/
IR EE R, RIS 0 7 A R e e
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