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Abstract:

[Background] Aluminum can induce irreversible structural and synaptic functional damage, and the associated mechanism may be
related to the neurite damage regulated by glycogen synthase kinase-3B (GSK-3B)/collapsin response mediator protein 2 (CRMP2).

[Objective] This experiment is conducted to investigate the effect of aluminum-maltolate [Al(mal);] on primary hippocampal neuron
neurites in mice, and reveal the role of GSK-33-CRMP2 in this process.

[Methods] The hippocampus of newborn ICR mice (< 24 h old) was used for primary neuronal cultures. On the 5th day in vitro (DIV5),
neuron purity detection were performed by confocal laser scanning microscopy. On DIV7, the neurons were transfected with lentiviral
vector-mediated mNeonGreen. On DIV10, the neurons with mNeonGreen fluorescence in good growth state were treated with Al(mal),.
The stage | experimental groups were blank control group, maltol group, 10 pmol-L™* Al group, 20 pumol-L™* Al group, and 40 pmol-L™ Al
group. Then 20 umol-L™" Al was used to establish a model of neurite injury and for the intervention. The stage Il experimental groups
were blank control group, dimethyl sulfoxide (DMSO) group, Al (20 pumol-L™") group, SB (GSK-3B inhibitor, 1 pumol-L™"), and SB
(1 pmol-L™)+Al (20 umol-L™) group. CCK-8 method was used to detect the viability of neurons. The primary hippocampal neurons of mice
were scanned with high content analysis system at 0 h and 48 h after Al or SB treatment, and the density and length of neurites were
analyzed. Western blotting was used to detect the expression and phosphorylation levels of CRMP2 and GSK-3p in primary hippocampal
neurons of mice.

[Results] The immunofluorescence results showed that the purity of primary neurons was more than 90%. Compared with the blank
control group in stage |, the cell viability rates of the 10, 20, and 40 pumol-L™* Al groups were decreased after 48h of Al(mal), treatment
(P<0.05), while the cell viability rate of the maltol group had no significant change. There was no significant difference in cell viability
rate among the DMSO group, the SB group, and the control group after 48h of SB treatment, and the viability rate of neurons in the
SB+Al group was higher than that in the Al group (P <0.05) in stage Il. The 48 h/0 h ratios of average number and length of neurites in the
control group were 90.13%+11.70% and 113.24%+8.34%, respectively. The 48 h/0 h ratios in the Al group were 56.47%+16.36% and
62.06%+6.75%, respectively, which were lower than those in the control group (P<0.05). The 48 h/0 h ratios of average number of
neurites in the SB group (99.03%%21.83%) was not significantly different from that in the control group, but the 48 h/0 h ratio of average
length of neurites in the SB group (128.72%+15.39%) was higher than that in the control group (P <0.05). The 48 h/0 h ratios of average
number (72.59%+10.89%) and length of neurites (93.84%+14.65%) in the SB+Al group were significantly increased compared with those
in the Al group (P <0.05). Western blotting results showed that: There was no significant difference in GSK-3B protein level among all
groups; compared with the control group (1.00+0.18), the protein level of p-GSK-3B in the Al group (0.45+0.05) was significantly
decreased, and that in the SB group (1.32+0.23) was significantly increased; the protein level of p-GSK-3 in the SB+Al group (0.80+0.05)
was significantly higher than that in the Al group (P < 0.05). Compared with the control group (1.00+0.07), the CRMP2 protein level in the
Al group (0.66+0.11) was significantly decreased (P<0.05), while that in the SB group (1.01+0.02) was not significantly changed.
Compared with the control group (1.00£0.13), the p-CRMP2 protein level in the Al group (1.50+2.18) was significantly increased, and that
in the SB group (0.62+0.09) was significantly decreased (P < 0.05); the protein level of p-CRMP2 in the SB+Al group (1.28+0.24) was lower
than that in the Al group (P <0.05).

[Conclusion] Aluminum may activate GSK-3p, increase CRMP2 phosphorylation level, and damage neurite growth.

Keywords: aluminum; neuron; neurite; glycogen synthase kinase-3; collapsin response mediator protein 2
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1.3.3 EREHMAEN T mNeonGreen ERFZZV/NR IR
RESHET ATEBRBETRHREMRAER, &
ZFsyn ERAENFRREROF, EEETENLEERE
XK FEH mNeonGreen NEE L, FHETIERES
7 KBS, IINERZEAEN FB mNeonGreen B A, ¥
Z 12 h ERBAEREHMAN DMEM ST IF R 4%
SRS, BHTRER AR TURKARIERE
PUEIT/E455,

134 ZFMEAS LTI RRBREIANHREE
BREEFNARRENSUEARMNEZFEIN AR
BR1IFERBESEFIMELKRERN 10 mmolL™
B9 Al(mal), A%, FRISR(FLIRS 0.22 mm) Xt Hi#
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[E] A: ARE1Z B DAPI AR HIE GBI ; B: METTHIRA MAP2 #Rid
LRI, C: DAPIARIEH] MAP2 FRIEEEFHE Ao
[Note] A: Nucleus after staining with DAPI (blue); B: Neuronal dendrites
after staining with MAP2 (green); C: DAPI & MAP2 overlap.
1 MNEEBRAMETAEERE
Figure 1 Purity identification of primary hippocampal
neurons in mice
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[Note] *: Compared with the control group, P < 0.05. #: Compared with
the Al group, P < 0.05. The cell viability rate is shown as meanSD,
n=>5.

2 AREIRESR(A)F SB216763(B) MERA/NEESHEZTT

ZEERR
Figure 2 Viability rates of primary mouse hippocampal neurons
with different concentrations of Al (A) or SB216763 (B) treatment
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113.24%+8.34%( 3 1) o DMSO A1 T RE D
HE REKESTENRABLERYTAITER
X(P>0.05), £21Z 20 umol-L™" Al(mal), 2b¥E 48 h [,
NEBSRERRMETRESZHRL, RiETE.
i, S B) AR A B IR S B AE SR (& 3) , 18
ZTIRED THE. HETEIRERKENFIZ 0h
BYRY 56.47%+16.36%. 62.06%+6.75%, HIFERTF = HXT
FRLA(P<0.05) (3R 1) £5F GSK-3p #HI7 sB 48 h [5,

Z=HXFER2H (Control)

48 h

100 um

100 um

3 BREREGRAKEN Al(mal); #1SB216763 &I 48h FBSMHETREEK

SBH M T IR 79 T EE 0 h BT Y 99.03%+
21.83%, STENBABLES TR ITFRN(P>
0.05) ; SB AT IIREKER 0 h B 128.72%+
15.39%, m T = BXIER4H(P<0.05), £4F SB I Al BX
BRI 48 h g, AT IFYRES I HE. HETFE
BRERKEDFIZ 0 h BIAY 72.60%+10.89%. 93.84%+
14.65%, 5 Al 4HLLER, A T RE D A F 15
REKEEIN(P<0.05)(F 1)o

Al SB+Al

100 um

Figure 3 Neurite growth of hippocampal neurons with Al(mal); or SB216763 treatment detected by high content analysis system

#& 1 SB216763 1 Al(mal); /MR B FERMETHEZRARM(X £ 5)
Table 1 Effects of SB216763 and Al (Mal), on neurites of primary hippocampal neurons in mice (X £ s)

k| G293 2 ¥ (Number of neurites) R E (Length of neurites)

Group oh 48h (48h:0h)/% 0h/um 48 h/um (48h:0h)/%
2= [ %38 (Blank control) 17.1447.52 15.45+2.01 90.13+11.70 493.90459.62 559.30+41.21 113.2448.34
DMSO 15.42+3.41 14.3742.44 93.22+15.82 509.58+87.46 558.68+79.49 109.64+15.60
Al 16.55+5.59 9.35+2.71" 56.47+16.36 515.53+114.49 319.94434.81 62.06+6.75"
SB 16.3243.41 16.1743.56" 99.03+21.83" 499.44+80.51 642.90+76.86 " 128.724¢15.39™
SB+AI 16.28+1.85 11.82¢1.77" 72.60+10.89™ 501.89+57.72 470.98+73.6™ 93.84+14.65™
F 0.101 7.181 7.331 0.068 21.942 23.695
P 0.981 0.001 0.001 0.991 0.001 0.001

GE] 5= B3RALLE, P<0.05, #:5AILALLE, P<0.05
[Note]*: Compared with the control group, P < 0.05. #: Compared with the Al group, P < 0.05.

23 SEXNBRABEDSHETT CRMP2. GSK-3p EH
FRIATAER L RIRZ M LA K sB BYFF(ER

WNE 4A B, Z4H18) GSK-38 EHKFEER TS
ITFEEM(F=0.097,P>0.05), WE 48 Firx, 5S=EX
#820(1.00+0.18) FHLL, Al LAFRLETT p-GSK-3B EHKTF
(0.45+0.05) % 1K , SB4H p-GSK-3p & H 7K F (1.32+
0.23) # & (F=14.737, P<0.05) ; SB+Al BX & Zb B4R p-
GSK-3B & F 7K F(0.80+0.05) = F Al 4H(P<0.05),

ACFRR, 5% A X R 4H (1.00£0.07)#B tt , Al 4R
CRMP2 Z& B 7K F(0.66+0.11) £ 1( ( F=5.888, P<0.05) ,
SB£H CRMP2 & H 7K F(1.01£0.02) TEAE T ¥ (P>
0.05), ¥NE 4D Fi~, 5= B I B 20 (1.000.13) 48
Eb , Al p-CRMP2 & B 7K T (1.50+2.18) 1% Al (F=
12.194, P<0.05), SB £H p-CRMP2 & H 7K (0.62+0.09)
PE{E(P<0.05); 5 AIZEABLL, sB+AI BX S IR p-
CRMP2 ZE H 7K (1.28+0.24) BEK(P < 0.05) 6
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Figure 4 Expressions of GSK-3B (A), p-GSK-3B (B), CRMP2 (C), and

p-CRMP2 (D) in primary hippocampal neurons of mice
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