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(AR E R BNl

MRS, ShEE, 2, SIS, P8, REYW

WAERAZEAREPEF RS PEFHAE, WP KE 030001

BE .

(B2 BB RMABEIRG, EVFI R HETEESZEZ M. /) RNA-
29a(miR-29a) BEBZEL[AIAIT S 10 SR BARRIRE R MR KN ELERE(PTEN) HRIX,
S5@ETMERER, H RS SIEXHETME BIERI RN,

(B @ EIMEFEL X FEIE (Allmal),;] 2 IEHY ICR/NERRAEDHETT, R miR-
29a $EMEIEEE PTEN TEIEXIHRETT IR (B AR AN Ho

[7575] RIMEFE 24 h AFER ICR LR EREES®METT, EIEFE 6 REMERARERLK
EFEMIHETREEEAREREXEA 2AAMAP) BEHE THAE; EFRARRERN
Al(mal) , R IBRREZTT, B HZTTH NITHELE, 10, 20, 40 umol-L™" Allmal) ; 48, S CCK-8 E16
MR TTARSE ST, FRERSEIE%EHE 20 umol-L™ Al( mal) , B A T ERIR G IE B H 1T T,
KAISRERREM A EER miR-29a BN TT, 799 mNG H. mNG+20 pmol-L™* Al(mal) ,
2H. miR-29a ZH. miR-29a+20 pmol-L™" Al( mal) , £, {FE R EBIRFES(MEA) DT E T AR fHE
L8 BT EB 15T, 58 FI SCBY X8 2 PCR(RT-PCR) 12 miR-29a F1 PTEN mRNA BYRIEIE N,
K P Western blotting ¥ 4R #4271 PTEN R BIRIAB o

ERDRRAESHETHAEAT 90%, ZARNEDHETTHITE 7 80% L Lo
£ Al(mal) , Z032 48 h BY, $E5h T MEA 1R EAOXTBRAA 42 7T B A R EESRER., R & IREESAER.
W4 5 & IR EB SRR B T e EE IR E 2 5179 207.56%1+38.70%. 73.19%+46.43%. 75.42%+
33.04%7F0 117.13%+15.54%, Al( mal) ; {0 IBLAHRE TTMEL BIESIE M TRENBEE .. SXYRAME
£k, 20, 40 pmol-L™ Al(mal) ; £HEY B A TREBSMEE. FE & IR EBSTER. WL A BN R P15
HEEE TR(ZUIRE D3 171.70%+28.08%. 49.20%+23.23%. 50.20%+18.18%. 85.45%:+
20.30%F 150.68%+26.15%. 43.43%+15.54%. 52.05%+26.31%. 26.80%+8.29%, 13 P<0.05), 5
STHEZE(1.00) 4BEE, 20. 40 pmol-L™ Al( mal) ; £ miR-29a BIARRTFRIAKF 5 FBEH 0.7440.09
# 0.62£0.12(38 P<0.05) , PTEN mRNA BIFEXT RIAKFE D5 F & A 1.32£0.12 F 1.4840.11
(33 P<0.05), PTEN BN RIAE D 5IFAEF 1.29+0.12 1 1.82+0.10(38 P<0.05), /R
BEREDHEATIERIE miR-29a, 5 mNG AFHLL, miR-29a AR B AR EBINE. FA KB
EMWE R AN BIMEPEAS(ZHIEE 2 HH 252.80%62.03%. 171.65%+56.30%H]
197.75%+27.12%, 3] P < 0.05) , mNG+20 pmol-L™" Al( mal) ; £EA3B42 TTLE BB SETHBA B TR (&
BEHTWIBE D3 123.28%+47.31%. 66.62%+31.53%. 70.60%+12.48%7F[] 52.86%+20.26%,
] P<0.05) o 5 mNG+20 pmol-L™* Al(mal) ; ZBFELEL, miR-29a+20 pmol-L™ Al(mal) ; ARYFEEZ T
MEBEIEAS(ZBHTUIBES RN 161.41%+42.13%. 101.16%+30.63%. 127.02%+
29.58%F0 109.73%+15.61%, 33 P<0.05)o 5 mNG £H (1.00)#8 Lt , miR-29a 4 ## £% T PTEN
mMRNA FEX$ A E(0.6740.11) BEE FFE(P<0.05) , PTEN ZE H #RIA(0.7540.08) TFE(P<0.05);
mNG+20 pmol-L™ Al(mal) ; 28 PTEN mRNA 834 FRIXE(1.32£0.12) BB E A& (P<0.05) , PTEN
E R RIAE(1.46£0.15) EFH(P<0.05) 0 5 mNG+20 umol-L™ Al( mal) ; 2B L3R, miR-29a+
20 pmol-L™" Al(mal) ; B PTEN mRNA #8374 3RIA2(0.9340.06) FE{E(P<0.05) , PTEN AT X
IX£(0.9240.09) FEFK(P<0.05) 6
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Role and mechanism of miRNA-29a/PTEN pathway in neuronal network damage caused by aluminum XIANG Changxin, HAN Yingchao,
LI Meng, LU Liyuan, NIU Qiao, ZHANG Huifang (Department of Occupational Health, School of Public Health, Shanxi Medical University,
Taiyuan, Shanxi 030001, China)

Aluminum can cause synaptic plasticity damage in the hippocampus, probably due to blocked interneuronal signal
transmission. MicroRNA-29a (miR-29a) can target phosphatase and tensin homolog deleted on chromosome ten (PTEN) expression and
participate in the generation of neuronal networks, and may be involved in the effect of aluminum on the electrical activity of neuronal
networks.

To study the role and mechanism of miR-29a-targeted PTEN in aluminum-induced neuronal network injury in primary
hippocampal neurons of ICR mice treated with maltol aluminum [Al(mal),] in vitro.

Primary hippocampal neurons of ICR mice born within 24 h were cultured in vitro. The purity of neurons was determined by
labeling neuron-specific microtubule-associated protein 2 (MAP2) by immunofluorescence staining on day six of the culture; neurons
were treated with different concentrations of Al(mal),, and divided into a control group, and 10, 20, and 40 pmol-L™* Al(mal), groups, and
neuronal cell viability was detected by CCK-8 method. Al(mal); at 20 umol-L™" was selected for subsequent experiments to establish a
neuronal network injury model for intervention. The lentivirus infection method was used to transfect miR-29a into neurons, which were
divided into mNG, mNG+20 pmol-L™" Al(mal);, miR-29a, and miR-29a+20 pmol-L"™" Al(mal), groups, and micro-electrode array (MEA) was
used to analyze the firing of neuronal network. The expressions of miR-29a and PTEN mRNA in each group were detected by real-time
PCR (RT-PCR), and the expression of PTEN protein in each group was detected by Western blotting.

The purity of primary mouse hippocampal neurons was greater than 90%, and the viability of the neurons was above 80% in all
groups. At 48 h of the designed Al(mal); treatments, the changes in spike frequency, burst frequency, network burst frequency, and
synchrony index of neurons cultivated on MEA plates in the control group were 207.56%%38.70%, 73.19%+46.43%, 75.42%%33.04%, and
117.13%+15.54%, respectively; the Al(mal); groups’ neuronal network electrical activity showed a decreasing trend. Compared with the
control group, the spike frequency, burst frequency, network burst frequency, and synchrony index of the 20 and 40 pmol-L™" Al(mal),
groups significantly decreased (The changes were 171.70%+28.08%, 49.20%+23.23%, 50.20%+18.18%, and 85.45%%20.30%; 150.68%%+
26.15%, 43.43%+15.54%, 52.05%+26.31%, and 26.80%+8.29%, respectively, P <0.05). Compared with the control group (1.00), the miR-
29a relative expression levels were significantly decreased in the 20 pmol-L™" Al(mal); group (0.74+0.09) and the 40 pmol-L"" Al(mal);
group (0.62+0.12) (P < 0.05); the relative expression levels of PTEN mRNA were significantly increased in the 20 pmol-L™" Al(mal); group
(1.3240.12) and the 40 pmol-L™" Al(mal), group (1.48+0.11) (P <0.05); the PTEN protein relative expression levels (1.29+0.12 and 1.82+
0.10, respectively) were also significantly increased (P <0.05). By overexpressing miR-29a in mouse primary hippocampal neurons, the
spike frequency, burst frequency, and network burst frequency were significantly higher in the miR-29a group compared with the mNG
group (The changes were 252.80%+62.03%, 171.65%+56.30%, and 197.75%+27.12%, respectively, P < 0.05). The mNG+20 umol-L™" Al(mal),
group showed a significant decrease in all indicators of neuronal network electrical activity (The changes were 123.28%%47.31%, 66.62%z+
31.53%, 70.60%+12.48%, and 52.86%+20.26%, respectively, P < 0.05). Compared with the mNG+20 pmol-L™" Al(mal); group, the electrical
activity indicators of neuronal network were significantly higher in the miR-29a+20 pmol-L™" Al(mal), group (The changes were 161.41%+
42.13%, 101.16%+30.63%, 127.02%+29.58%, and 109.73%+15.61%, respectively, P<0.05). Compared with the mNG group (1.00), the
neuronal PTEN mRNA relative expression (0.67+0.11) and the PTEN protein expression (0.75+0.08) were decreased in the miR-29a group
(P<0.05); the PTEN mRNA relative expression (1.32+0.12) and the PTEN protein relative expression (1.46+0.15) in the mNG+20 pumol-L™
Al(mal); group were increased (P < 0.05). Compared with the mNG+20 pmol-L™ Al(mal); group, the PTEN mRNA relative expression (0.93+
0.06) and the PTEN protein relative expression (0.92+0.09) were decreased in the miR-29a+20 pmol-L™ Al{mal); group (P < 0.05).

Aluminum significantly inhibits the electrical activity of hippocampal neuronal networks, and miRNA-29a may be involved in
the aluminum-induced impairment of hippocampal neuronal network electrical activity by regulating PTEN expression.

aluminum; microRNA-29a; phosphatase and tensin homolog deleted on chromosome ten; neuron network damage
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(message RNA, mRNA) B9 3' 3F 4% #3 X (untranslated
region, UTR) &5 & , 1£15 B A& mRNA & fi# 3¢ & # &
mRNA BYERIE, Ml T2 AIEIREEE R FRIE" ™, IEE
¥, BHRHEZHNHRERE T mRNA EEEZIRITHE
B RIER", 40 miR-219. miR-26 £25 Tau BH
HBEER 1L, B 5M/REZBBBEEHIET, miR-29
& miRNA SEEHHT—53, B miR-29a. miR-29b F1 miR-29¢
MM, & miR-29a TE/\BARHL Th e RIE",
BER/RI% S 2R RS E BE E AIRERE,

%10 SEBHERREXRUHERIBKNEGER
(phosphatase and tensin homolog deleted on
chromosome ten, PTEN) @ — N EBXUFT B4R ES
SEMRIERERY, EX BRI iERAEE-3
™ B8( phosphatidylinositol 3-kinase, PI3K) K ¥ 89 B
MBS B(protein kinase B, Akt) "*™, fE AR oA KA AT
B EZTRIREE RAINEEPEXBIERY, AR
JESE miR-29a 5 PTEN BY 3' UTR EAMES, B miR-29a-
3p AT LRI PTEN-3' UTR YR K REERIZRIA, FIBY X
B R A, miR-29a BETBEE A EIT PTEN BYRIE, M
M EHERENEK, RFHITMENER,
AELBPBEIRIEIMNRRERBEEHETHNEZST
Erta [Allmal),] ZEE B, FI| A 74 8 % P& 5! (micro-
electrode array, MEA) B9 75 7% R Bt R 58 X9 18 5 TT N 28
B3 SE Bh B9 B2 0M, 3 18 BA miR-29a/PTEN i@ IR 7 H H A
€M,

SPF R EE M R M ICR /NER I F AL RETM B EY)
BABRARE, /NEEFFRNIES I SCXK( ) 2019-0010,
A& 25~30 g, (AFTREN 22~25°C. 12 h/12 h BRR
TENEEIYE, BRIRBIMRK. AARELUAE
BMAZLWoIMCIEZRFM(ES: 2021-120),
LRRFEBERE XLRYEBMERNME,

Neurobasal-A 1Z 7R B-27 A MNF(EE Gibco) ,
fIERRE. |1 . EFE(EE Sigma-Aldrich),
miR-29a. U6 5|¥(FREITMNERE), RERAT &
(RRO47A) . BE & B %E = 2 (PCR) I 77 & (RR820A) (H
7N Takara) , PTEN 5 |#)( REERERRE) , 18R EE
#HY miR-29a( RFE LEFI), NEMFMEMEXER
2(microtubule-associated protein2, MAP2) P fEHLA
(PEHERERRER), _EMBRR(BcA) EREERXF

S(PEACREANME), R PTEN ZREHA(EE
Affinity Biosciences), FH %R 1gG ME(FEILREN
eg), |G A FE(EE Thermo), BFTIES
(sw-cl-2F B, R E 7N L 2R ), PCR X (3 E Applied
Biosystems) , MEA 73 #T{X (3£ [E Axion Biosystems) , F8
KA (DYY-7C, REALRIN—) , ¥ FE{Y(EE Bio-Rad),
=EXER(PEEERN .

i
HWNBREBARZENME 24h W IR LK, EZE2
THEEAAEA R HRRS BN ED, eSS
B% 1 mm’ /MR, AR IIRIEE R A& /RIZFE(DMEM)
ARPWITRESHIMNEES, 7£ 37 °C KAWRMEKL
15 min EIMARE2IEFELIEE K. A 200 B(FLE
75 um) ZBRENE S A R 4RRE R, 200xg B /Ly 5 min,
F LA MAGELMEEFERARSREEIRAN
5x10° NmL™, M T 2R RO 12 LR, 15
7% 4h [5, 5% USSR 3 d =R, IBFEE 3 KA,
B EMERENEMEEAE, BHRESE 6 XM,
FAHA TR MATSY MAP2 B BRI UFR
FEEERETNAE, ERAERE T ITHRER
FCARRE S EF R SRR ERBILL B, BN AL TRV,
BEAHET
EMT 2R AN 96 FLIRPES, BNVEKRK
A RIFHMRE 5 F3FEE4E, 10, 20, 40 pmol-L " Al( mal) ,
HITRE, BAKEINEF, TREE 3R 48h[5
ERIE TR, AEIIN 10 pL B9 ccK-8 37K, 37 °C i
B 2 h, ABIRSCNETE 450 nm BIHZE(D), 1RR
TENARITEAREER, BEEEER=[(Dyyps-
D7) /( Dagsaz,~Desz) 1¥100%o
RIEgRsE
(K I FEETT miR-29a B RIBME R ZEKIELE Syn
BEREANFERE B F UL R ME TR MR, 37
EIEFERNAEARRE mNG, UL TEAITIRA, 1%
F KRB RFFEZRERI mNG BAREFEHTTAI(mal),
RE, RRHAN: mNG ZH. mNG+20 umol-L™" Al( mal) ,
2H . miR-29a £H. miR-29a+20 pmol-L™" Al(mal),2H. &
FLIERD 1 mLBERN 1x10° P -mL A SR 1TH
Fro FHIEFARES 6 KB, MBA KRS RIFRVA A #H
TS 7 LEIER, BFLINA 20 L BE A 1x10° B91€
A5, 20 pL BY 25x AR, AT IE B FEES
FLEVRIAFI ST 500 uL, JB 5. 12 h [FIRR, LI TFF,
72 h EEME TR RE,
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1.3.4 MEA KNI ZTTERAEIRER RBERSEE
FERWEZETT, IBEHRESE 10 X0, FRREREN
Al(mal) ; SbEBRHERTT, 3BT MEA DT HIZ F
0h 48 h B A MUEBIMZ. FRAMBIMZEK, WMLE &
EWMBMENBELIEHESE, BERSFERD
P TTIEFRZE 5 10 KAY, FH MEA DH{NIHIZR 0 h
0 48 h BIEBAIEIEDN, 3§ 0 h FUE ML ME EMEX
BEEREN 100%ENELLE, 48 h BT HS K
BENHS5 oh WESHEE(ERUBDSHERT),
BR1SE! 48 h BRI A Z T ML BIENHN T IE .
1.3.5 SEBTTEE PCR JITE miR-29a #1 PTEN mRNA U
SZAMOET 1.5 mL TEENHEBR OE(EP E) F,
FEIR 2 RNA 1REUA T Z 8935 PP IREUE RNA, EAXY
ZIK(ddH,0) TE RS EL A&, ME RNA 7E 260 nm #l
280 nm AR NZELL(E, iIERNERE RNA KE, KL
2 RNA FIEMR, REEF SR cDNA, BZE 20 uL B PCR
NARFR, RN 95 °C T4 30 s, PCR R B ER
79 95°C55,60° C34s,40 /RIEIF; 7AfRHRZE)Y 95°C 15,
65 °C 1 min 1 95 °C 15 so EEMRALERA ctER
R, UH HEE-3-BAER A S B8 (GAPDH) AR S, it 8B
M RERRANMENRIAE, ALKIRE 3 MNEFL,
BE 3R, FERA K GAPDHBIS ¥ WA FEM LR S1o
1.3.6 Western blotting MIEEBMIRIA IRIEMHELED
MELBERATNSRAPERNERNEER, XA
BCABHATEANERSAELRE, UL 4:1 BYELHIAD
N 5x EHEE R, BA, KA 5 min f5§ 4 °C RER
Fo BEE 10%89+ e E MR N-R A GBI R B
7k(SDS-PAGE) StRR7EIBIE 60V N EER, RAEHEIETE
B 350 mA FREREZIIREBARIME(PVDOFR) R L,
S%AYBRAE AN ET ] 2 h, IIN—4T(PTEN, 1:1 000)4 °C
EEd R, —$H1(1:3000)37 °C B 2 h, BELFEX
FE(ECL) BRBUA R E &, Quantity one 4.6.2 FX {4 IT 7K
EEHFHITI
1.4 FirFEDHR
FrE BYSRIREIEE R sPsS 22.0 1T, FESD

WEISFHITIESHN A EZTTHRE, ST RAER

SRATEMIISITRERERS ED T, AFLLER
FA LSD-t 731, BUREREART, K IKAE a=0.05,

2 &

2.1 Al(mal), SR ESEMET/E IR
NRERERBEHAETHAE KT 90%, 45 R Il 4h

ZTAEE s1o RELRE Allmal), TERTRAES #

£270 48 h [5fE A CCK-8 KMt oI TE/E SR, RS
TI397E 80% LA L, R b FEM KR 52,
2.2 Al(mal), RIEX/NRER B HETREZHE Y
A

T MEA IR RV NRBERARETTE Al mal)
IR R B HEAETT 48 h BF, FEE Al(mal) ; 7K
ENAS, BABBIME. REARBIME. WEKL
MEBMEMEZIEHIIZ I T REIEE, XJERH
LITEAMEBME, RARBIME, MEKELKB
MENB T IEHR T WIRE D 59 207.56%+38.70%.
73.19%+46.43%. 75.42%+33.04%F 117.13%+15.54%
20. 40 umol-L ™ Al(mal) ; £ 5 TBEE] 171.70%+28.08%.
49.20%+23.23%. 50.20%+18.18%. 85.45%+20.30%7+0
150.68%+26.15%. 43.43%+15.54%. 52.05%+26.31%.
26.80%18.29%, SXIRRABINERIBRITFEEX (Y

P< 005) o JI_IL: 1o

X HRLH L o . -
Control group 0 pmol- 0 umol- 40 pumol-

w
o
o

& 200 L & 100 L Jl
it Erlipes |
S 100 %E S 50 § %E \
Mo = B o NIZE N\
0h 48h

< 150 §150

@ 100 gloo ;é

2 s £

£ 50 g 50 %=
32 2 E
B B NS

s XFHEZH (Control group) mEEE 10 pmol-L™ %2 20 umol-L™! === 40 umol-L?
CE] A MEEIRZE; B: BRNEBIME; C: FRRINEINE; D: MBHKER
TREBSRE; £ EF e, *: 5 48 h FUXTERZAMELL, P < 0.05,
[Note] A: Firing waveforms; B: Spike frequency; C: Burst frequency;
D: Network burst frequency; E: Synchrony index. *: Compared with
the control group at 48 h, P < 0.05.
Bl 1 REIRE Al(mal) ; 232 48 h FHZTH MEA
MELER (n=6)
Figure 1 Results of MEA measurement of neurons after 48 h of
designed concentrations of Al(mal), (n=6)

23  Al(mal), /MR E B S # £ 7T miR-29a Fll
PTEN mRNA HYZRIAHIRZ M

INBRAEDHEZ TR Allmal), 2032 48 h 5, HE
& Al(mal); 7R EE B F & , miR-29a BY 7= 3K X i BE 1K,
PTEN mRNA BYZRIZKEZE M A E. SXIERLH(1.00) 48
Eb, 20 40 umol-L™ Al(mal); 2B miR-29a HIFEXT R IA 7K
93 5 T B 0.74+0.09 1 0.62+0.12(39 P<0.05),
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PTEN mRNA BIFEXI FRIAKERDFIFA S 1.32+0.12
1.48+0.11(33 P<0.05) o WWE 2,

2.0

1.5

1.0

®05

ENRAE
Relative expression level

A=

o miR-29a PTEN mRNA
s X H&4H (Control group) EEEE 10 pmol-L™! %7 20 pumol-L™ === 40 ymol-L™*
[l *: SXFERALLE, P<0.05
[Note] *: Compared with the control group, P < 0.05.
B2 FEPKRE Al(mal) ; REB/NREZWET48h G
miR-29a 1 PTEN mPNA KIZRi% (n=6)
Figure 2 MiR-29a and PTEN mPNA expressions in hippocampal
neurons of mice after 48 h of designed concentrations of
Al(mal) ; (n=6)

2.4 Al(mal), S/NEEAEBZHEIT PTEN EARIE
IK TR0

WE 3 F, NRIRESEETE Al(mal) ; &
I2 48 h 5, & Al(mal), ;ZU“EY\JH.%, PTEN EBHHIR
KEEASEE. 53FTERLE(1.00) 1L, 20 pmol-L™
0 40 umol-L™ Al(mal) ; 2889 PTEN EFEXNREXE D
FFH =% 1.29+0.12 #1 1.82+0.10(¥3 P<0.05) o

XERE

-1 -1 .1
Control group 10 pmol-L™* 20 umol-L™ 40 pmol-L

——
PTEN A --

caroH S P s

. 2.0 *
gy = —
B5 s . B
s % —
5810 / —
o g —
T / —
z 205 / —
Eg —
o 1
0 |

PTEN
s X HBR2H (Control group) mmmr 10 umol-L™ %22 20 pmol-L™! === 40 pmol-L*

CEIA: EBETE; B FHKED. *. SXRALLR, P<0.05,
[Note] A: Protein bands; B: Grey analysis results. *: Compared with the
control group, P < 0.05.
3 FEERE Al(mal); %248 h J§ PTEN ZRMRKRIX (n=6)
Figure 3 PTEN protein expression after 48 h of designed
concentrations of Al(mal);(n=6)

2.5 miR-29a AJ¥4% Al(mal), JH/NRBDSHEITME
B9 EIER
B R mR29% 5, FNERERABIWET

TR IE miR-29a, 75T Al( mal) , ANE 48h /5,5 mNG 2B

HEL, miR-29a AR B A TR BN Fr& T EBSRZEN N

KEANBIMERAEAS(ZIRE 2579 252.80%+
62.03%. 171.65%+56.30%H] 197.75%+27.12%, 3 P<
0.05) , MEIF 12T FEE) 109.88%+17.93%( P<0.05) ;
mNG+20 umol-L™" Allmal) , AR B A IR, ik
MEBHREE ., MK A M BIMEMB L5 D5 T
Fl| 123.28%+47.31%. 66.62%+31.53% 70.60%+12.48%
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Figure 4 MEA results of neurons after transfection
with miR-29a (n=6)
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Figure 5 Expression of PTEN mRNA after transfection
with miR-29a (n=6)
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Figure 6 Expression of PTEN protein after transfection
with miR-29a (n=6)
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