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Effects of CREB and miR-132-3p on aluminum-induced abnormal phosphorylation of tau protein
in rat hippocampus XIAO Wenjie', XU Xu', LEI Minmin®, YANG Xiaojuan™ (1. School of Public
Health, Shanxi Medical University, Taiyuan, Shanxi 030001, China; 2. Department of Geriatrics,
First Hospital of Shanxi Medical University, Taiyuan, Shanxi 030001, China)

Abstract:

[Background] Cyclic AMP response element binding protein (CREB) and miR-132-3p have been
proved to be related to many neurodegenerative diseases. Our research group previously has
demostrated that the neurotoxicity of aluminum is relevant to abnormal phosphorylation of tau
protein, but whether aluminum affects the abnormal phosphorylation of tau protein through
GREB and miR-132-3p has not been reported yet .

[Objective] To investigate the effect of aluminum on CREB and miR-132-3p during abnormal
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phosphorylation of tau protein in rat hippocampus.

Twenty-eight two-month-old SD rats with comparable weigh, were randomly assigned to four groups: control group (saline)
and low, middle, and high dose exposure groups [10, 20, and 40 pmol-kg™ Al(mal),] with each group containing 7 rats, and the exposure
period was 3 months by intraperitoneal injection every other day. After rats’ exposure to aluminum, Morris water maze was employed
to assess their capabilities of learning and memory. The miR-132-3p gene expression level was detected by quantitative real-time PCR
(gRT-PCR). The levels of CREB, phosphorylated CREB (p-CREB) (Ser133), RAS p21 protein activator 1 (RASA1) tau, and p-tau (Ser396) proteins
were determined by Western blot.

The results of Morris water maze showed that in the navigation experiment (from first day to the fifth day), the average escape
latency of the rats exposed to three doses of aluminum was longer than that of the control rats (P < 0.05). The middle dose group and the
high dose group demonstrated shorter duration and lower frequency of platform traversal in the designated quadrant when compared
to the control group and the low dose group (P <0.05). Moreover, the duration in the target quadrant of the rats exposed to high dose
aluminum was shorter than that of the rats exposed to medium dose aluminum (P <0.05). The results of Morris water maze suggested
that aluminum could damage the learning and memory ability of rats. The qRT-PCR findings indicated a decline in miR-132-3p gene ex-
pression in rat hippocampus correlating with higher Al(mal); dose (P < 0.05). The Western blot test showed that the protein expressions
of CREB and p-CREB (Ser133) were reduced in both the middle dose group and the high dose group (P < 0.05) when compared to the control
group and the low dose group, and likewise, compared to the control group, the group receiving low dose exhibited lower level of p-
CREB (Ser133) protein expression (P <0.05). It was found that the further increase of aluminum exposure dose would lead to the further
decrease of CREB and p-CREB (Ser133) protein expression levels (F=36.429, P <0.001; F=78.672, P <0.001), aluminum exposure dose was
negatively correlated with the expression levels of the two proteins (r=—0.848, P<0.001; r=-0.928, P<0.001). The expression levels of
RASA1 protein and tau protein in the aluminum exposure groups surpassed those in the control group (P <0.05). The tau protein phos-
phorylation level was higher in the middle dose group than in the control group (P <0.05), while the high dose group showed elevated
phosphorylation level relative to the control group, the low dose group, and the middle dose group (P <0.05).

Aluminum may promote abnormal phosphorylation of tau protein by affecting CREB and miR-132-3p, which eventually
leads to the impairment of learning and memory ability.

aluminum; miR-132-3p; cyclic AMP response element binding protein; phosphorylation of tau protein; learning and memory
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T CREBHIRIA®, C(RBBE—HMEENERRAT,
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*ER. EEHNRAER, #—PHRAXKIFKER
FEEARED tau EHEREBRUCIEFIIER,
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AR BHRIRBIK,

FEARE 28 RIAEARIER 2 Bl sD KR9S5 X!
AR, 725 E TR LA (R EEEIK) FIE.
. BFIEMNRRSAH, RIERAAR AR E R

www.jeom.org


www.jeom.org

1272 #4455 J2 &% | Journal of Environmental and Occupational Medicine | 2024, 41(11)
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Table 1 The qRT-PCR primer sequence
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Figure 1 Body weight of rats in each group before and after alu-
minum exposure (n=7)
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RERRT KIYIEIN(P<0.05) , HA, 1, BFERRSH
BB R K FREAIEHRRFH(P<0.05), &
ERFASHNIRBERBLKFRFEEREA
(P<0.05), TE% 6 RIFATHTEIRZRLIH, 53XFH

AMEF2RESHNAREL, . EHE0EESE
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B(P<0.05), BFIERAEFHNARETERRIEN
EEETEI L 2R FFHE(P<0.05), ILE 2B, 2C,

®2 BHEKXBERREEBARE (n=T)

Table 2 Escape latency of rats in each group (n=7)

B s
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XTERZH 50.54+26.04 23.56+11.42 18.01+0.94 13.05¢1.26 9.79+0.35

10 umol-kg™* Al(mal); 52.08+32.67 23.94+14.54 21.61%5.04 14.4040.53" 11.7840.77°

20 pmol-kg™* Al(mal); 52.44+36.84 25.3146.77 25.05+2.23° 16.20+1.04™ 14.62+1.23°

40 umol-kg™ Al(mal), 53.58+27.00 26.67+14.94 26.8145.46™ 18.66+1.74™ 17.56+1.54°

F 0.011 0.092 6.808 24.063 70.223

P 0.998 0.964 0.002 <0.001 <0.001
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Figure 2 Escape latency (A), times of crossing platform (B), and

retention time in target quadrant (C) of rats in each group (n=7)
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[Fla: 5348B4AMEL, P<0.05; bl 5 10 pmol-kg™ Al(mal), A48 tb,
P<0.05; c: 5 20 umol-kg™ Al(mal), £B#8L, P<0.05,
3 TIEMBEASHEHAKREBDS miR-132-3p BEREFRIAK
FEIRME (n=3)
Figure 3 The impact of subchronic exposure to aluminum on the
miR-132-3p gene expression in the hippocampus of rats of each
group (n=3)
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Figure 4 The impact of subchronic exposure to aluminum on the
expression levels of CREB and p-CREB (Ser133) proteins in the
hippocampus of rats (n=4)
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Figure 5 The impact of subchronic exposure to aluminum on the
expression levels of RASA1 protein in the hippocampus of rats of
each group (n=4)
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Figure 6 The impact of subchronic exposure to aluminum on the
expression levels of tau and p-tau(Ser396) proteins in the hip-
pocampus of rats (n=4)
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S SR IR A AHAE SR IO 30 E T 1T A miR-132-3p AIUAL
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£ K, wanet 45 CREB TE ST AEYF I IEHH
EZ5 miR-132-3p BR. SEMRIEX CREB 5 miR-
132-3p ZBIHIEEAAEXR, MEFEEE—MER
RIET xR, CREB BYEUE BT LU # miR-132-3p BY
¥R, A, miR-132-3p BI L3R & CREB HIBEER (K 7K F
MTEE CREB, Y R AMFIFIBES miR-132-3p

N TFHEREREIATERE X,

RASA1 & miR-132-3p BYEE ;2 2 —, miR-132-3p 1T
ZFRIAB] T RASAL HIFRIAM IS CREB BIBEER LK
8 X B] B 2 A9 RASAL BEBS 16 RAS 855, D&
RAS 1HXIB 8, M CREB IEE RAS HEXIBERHY T iffo 1F
B IE B IR RAS JEMERREY, AWM T
RASAL EHRIAKYE, ERANEZZFEIIRERE AR
185 RASAL EHRIAKFEEE L, SXHRAEL,
RRF A ARSI CREB. p-CREB(Ser133) EHRIX
IKFIJFEAR, miR-132-3p FRKTF TBE, A& 218
%, (it tau EA T BHER Y, SItk[ERT, miR-132-3p
BRIKENTEEGESH RASAL EHRIAKE L
Ft, 1S RAS SEMEPRRH BB CREB &L, #H—F
R tau EA R E#HEL K.

AARERET, B tau EAS EHER LA
%[5 BY5 CREB #1 miR-132-3p B X, CREB. miR-132
1 RASAL Z [B] ] BETZETEIE R I IAIT X &, $8XY CREB
# miR-132-3p BYIE R IRIFEE EAEXEE. EBBIFMM,
A gEH—FIE tau EAREHBR LB K. A
RERAFETFINSELR, H—PWIE CREB 5 miR-132-
3p ZIBIMIE RIRET X FR, LUK miR-132-3p XF tau &
HEBBERLHIEIZER.
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