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Effects of aluminum on expressions of fat mass and obesity-associated protein and brain-derived
neurotrophic factor in rat brain and PC12 cells XU Mengtong, WANG Tiantian, LI Wenjing,
YUAN Chunman, SONG Jing (School of Public Health, Shanxi Medical University, Taiyuan, Shanxi
030001, China)

Abstract:

[Background] Chemical modification of RNA is a recent hotspot in the field of epigenetics, but
the specific mechanism of chemical modification of RNA in aluminum neurotoxicity has not been
fully reported.

[Objective] To investigate the alterations of fat mass and obesity-associated protein (FTO), that
demethylates N6-methyladenosine (m°A), and brain-derived neurotrophic factor (BDNF) in dif-
ferent brain regions of rats and rat adrenal pheochromocytoma differentiated cells (PC12 cells)
following aluminum exposure.

[Methods] Animal experiment: Twenty-four healthy male SD rats were randomly divided into a
control group (normal saline) and 10, 20, and 40 pumol-kg™ exposure groups according to body
weight, with 6 rats in each group. Maltol aluminum [Al(mal);] was injected intraperitoneally every
other day for 3 months. Cell experiment: PC12 cells were divided into a control group and 100,
200, and 400 pmol-L™" exposure groups exposed to Al(mal); for 24 h. After exposure, the learning
and memory ability of rats was measured by water maze experiment, and the protein expression
levels of FTO and BDNF in rat cortex (n=6) and hippocampus (n=6) samples as well as in PC12
cells (n=5) were determined by Western blotting.

[Results] The results of water maze test showed that the escape latency of the 40 pmol-kg™
Al(mal); group was higher than those of the control group, the 10 pumol-kg™Al(mal); group,
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and the 20 umol-kg "Al(mal); group on day 3, 4, and 5 of training (P < 0.05). The retention time of the target quadrant of the 40 pmol-kg

1

Al(mal); group was also reduced compared with that of the control group (P <0.05), indicating that aluminum exposure damaged the
learning and memory ability of the rats. The Western blotting results showed that in the cortex, compared with the control group, the
protein expression levels of FTO and BDNF in the aluminum treated groups were decreased (P <0.05). In the hippocampus, compared
with the control group, the protein expression levels of FTO and BDNF in the 20 umol-kg™ and the 40 umol-kg*Al(mal); groups were de-
creased (P <0.05). In PC12 cells, compared with the control group, the protein expression levels of FTO and BDNF in the aluminum treated

groups were decreased (P < 0.05).

[Conclusion] Aluminum-induced learning and memory impairment is related to a simultaneous reduction of FTO and BDNF protein ex-

pressions, suggesting that m°A methylation may be involved.

Keywords: aluminum; demethylase; fat mass and obesity-associated protein; brain-derived neurotrophic factor; learning and memory

fRa(aluminum, A) 2B RARPEEINEE TR
22—, REMRIELEE—MHHATHNRESY, HxY
F IR FEINFITHEEM R AR Y, SBBUARITH
BEINENEENS, BRiEEF & DNA R ELEI
MAZEANEFEEMERIMEEZNH, RNA 1
PRI LH 6-FFEIRIZM (N6-methyladenosine, m°A)
1&ih 2 B B RMEF FEB IR R TUH I X —H ¢
=P ETERMEAS IR R I RE,

BE B¥ #8 < & H(fat mass and obesity-associated
protein, FTO) IR E X N FHALIFEEFERRY
BEET, AT BRI KERRRA, FT0 BR T MIEHE
X Z5N EIXZE RNA m°A IR X S A R E LAY,
A FTO EARME BRI N BEHNRAER S, TER.
MEBENMERITHEERNARIER RIEEH
TER™ " BN, IR M 1 42 8 75 K F (brain-derived
neurotrophic factor, BDONF) T EH AL SR H K=
BFEETARRMER. BEESA, 5% 3. 1812, IAAL.
RRANFIEE BT ETNEE"", BaTifZAA BDNF Al
EEBEAES FTO 181, HEXF m°A BEHEBIRESZE
SIHEIZIhEE AT A X%

EFEREE FT0 5 BONF 7 m°A R E K
mAENEEXAR ZEEFZILIZHRENSGIF
ER, AR 7D 58 sh) LI LI R 4L1R
SARBARERMXRARS ERBERIERMAMRES
20 F3( pheochromocytoma cells, PC12 AR ) FTO A
BDNF FRiAHIFME, IR1T FTO 5 BDNF 2B S5 IRHFES
B2 ERNNEIE X, J/GHIA RNA B EWBIRTESS
EH N H AR R EEM,

1 WR5H*
1.1 IR

TRERREN 2 BiRfEEH#E M sD KEWBEIL
RiEEMENYFIEL, FAIES: scxk(5)2017-
0005, PC12 AR E IR EE YR B R ABRM,

1.2 FEIEHFISNEE

Universal Hood Il % B B & {X(3€ & Bio-Rad 28
&), DYY-7C B EBIK X (PER—IXE.] ), DMEM &
BIEARE(PEBREREVMUEERAR), EHFH(E
Sigma 22 7)), KB (FENM L F XA, FTo.
BONF K (HEIRRETEYFARBRAE), &
R EEEFICILFEIR. TR 1g6(FEILRE
NELEMREERAE),
1.3 ZZFERR [Al(mal);] A RECH

HAEBZER AT 0.1%(FRE 595 BB ER
ZHRPENRZE S AR, AlCl;6 H,0 AR T EIES
KFRECEL AIC, B R AFHE AIC, BRMZFE AR
FHRES, BAREIRER Al(mal); B&. =xEH
10%(FRE 5 #8) B9 NaOH B K& pHIAE 7.4, F A
0.22 um BYIEERIHIE.
1.4 ©hYIRENERS

@RI sD KR 24 2, A5 (200+10) g, BiER
E—FE, RIBASIRTARTEARA S, 10 umol-kg™ A
FHNERNRINB E(ERANRIEKT, 40 umol-kg™ 2
RERARFETHRAIERIEFIE, E I ARTIH
TE Al(mal); F9FI£2 4 10. 20. 40 umol-kg™s FHIZHEN]
BFREBRE D IXBAEEEK) M 10, 20,
40 pmol-kg ' FIEH, B4H 6 2, FRX 1 mL-kg™ BEREE
5% Al(mal);, 23+ 3 N, BB EHAIEMRE, WE K
R —AR o
1.5 Morris 7KIXE FLIEHE N A B F )i 128

BRS 3 MABRHNKR(n=6) RAREFERK
A B HFK 2 min BMNIFIR, 5 1—5 KFITEAIM
1758, 58 6 RFITTEHIRRIA K.
1.6 ARRIZFIRS

SEEFEH DMEM 7R, 10%(1&FR 550 s
H B 1%(FFR D2 Win7zw RS, T 37 °CL 5%
(RFRDE) co, 1EFFET, MEBAMAE KT HE T
MER M Z KR E] 40%~50%/5 HITHRE, Allmal),

wWww.jeom.org


www.jeom.org

910 #445-5723L&% | Journal of Environmental and Occupational Medicine | 2022, 39(8)

EFNE 7% 100, 200, 400 pmol-L ™Y, %35 24 h, 52
WEE 5%

1.7 Western blotting ZMEAXBREKR. B3 &
PCc12 4R FTO 1 BDNF EERIAE

FERKERELRNTARRFEICIZENGE, BAR
kBN, B, SR ARMRNERNES S
30mg BEF 1.5mL BOER, 250N 100 ul EEH
BRINEIF M NRE PR, K EBEME 155, 528
30 min f5F 4 °C, 14000xg, B /0) 10 min, WE L&, &
HREEIRFE(BCA %) EEEHKE,

PC12 #fEZE A AYIREN: -80 °C 7kF8H EX L 4 iR
B, 7E 37 °C ZKARHPIRERARAR( L IZRET 1 min),
BRI 7000 rmin (B0 F 2R 8.4cm) B L 1 min,
EFK. BEFIEAFSFINN 70 uL EE B ESHIH!
FINHNRRE AR, FTEARRRH], JBS), 7K EZAE 30 min
BT 4 °C, 14000 rmin (B O F R R 84cm) B
10 min, WE EE, BEAREERFIZ(BCA R EE
ERRE,

RIBER D FEEGERIREN S BR. BIkSE
[EMERRS A, 1BRE R 5%(FRE 2D E0) BB IS 1E
=@ METEE. AN EBHA(FTO, 1:2000;
GAPDH, 1:2000; BDNF, 1:3000; B-Tubulin, 1:3000),
4°C FEER, % 2 K5 —H( LUk 186G, 1:3000;
L2475 18G, 1:3000) 37 °C ¥ 8 1.5 h [FR -

1.8 FHitFEHH

SKFA SPSS 22.0 HITHUIRAME, #IEI Axts R,
HE L REBERRSED, ARRALLE, A
E5%, X LD I, B EARTT, XA Games-Howell
38, KIS KE a=0.05,

2 &R
21 KE—®%E

e ES RS ED, WRAARRELR. IR B
FRENEREMIIEER, AEHHEE RAITE) 891
PO ; 40 umol-kg™ Al(mal), A X R E A EIIRE
HEBXREFMBHERE, AT KEE, RNIRH, E
R/ KR; 100 20 pmol-kg™ Al(mal), 2B A B &
BNEHRESTHEL . FE/EZAHYREINN
TR,
2.2 FEXNAKRFIICIZEESIHIE I

ME 1A FRI LB, BEINGRECE M, AKX
SRRk R RHRZ M 4855, 55 3 X 40 pmol-kg™ Al(mal),
LA RL BB R ER S T XY ERZAAN 100 20 pmol-kg™ Al(mal),

2H(3Y P<0.05); % 4 X 20 umol-kg™ Al(mal), £H A9 K
BWERES T X B AM 10 pmolkg™ Al(mal), £H
(P<0.05); 58 4. 5K 40 umol-kg™ Al(mal), £0 A Bk &%
BARES T XA 10 . 20 umol-kg™ Al(mal); A
(P<0.05)o ME 1B FEIUE L, KEBIFRIEEHET
B&AEIEZRBRITFEREX(P<0.05), 20 umol-kg™
40 pumol-kg™ Al(mal); LK R B inRIRFZEYE]EEE
DFIRRA(P<0.05), MARFHFEERHMERTNE
B2 EIERTRITFREX(P>0.05), WE 1C

100

= A
80 =3 10 umol-kg™ Al(mal),
3 3 20 umol-kg™ Al(mal),
i 60 1 40 umol-kg™ Al(mal),
I
&) 40 abc
= abc b
20 abm abc
o UL ‘ [N ﬁﬁ 2il ﬁ
1R $2X FE3IXK FE4XK #5X
B
@ 40
L
E
&g 30
ik
o & a
R 20
e
LIST)
° 2
% N & >
&7 & & &
ey ™ »V\\ A\?\\
o\'\{. o\x.% 0\}{5’0
S S S
N D Y
8
K 6
S~
=
K T
a 4
b
k2
0
i & ;Y &V
&7 & & &
' ® N
S 3 %
o\.\e o\* 0\&
Qé‘ é’\\ <
N D Y

GEla: S33HE4AELL, P<0.05; b: 5 10 pmol-kg™ Al(mal); A8 L,
P<0.05; ¢ 5 20 umol-kg*Al(mal), £848 Lk, P<0.05,
1 KERELRAPREARREEBARE (A) . BIFREEZ
Bl (B) M T & %% (C) (n=6)
Figure 1 Escape latency (A), retention time in target quadrant (B),
and times of crossing platform (C) of water maze test in rats
exposed to aluminum at different concentrations (n=6)
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Figure 2 Effects of aluminum exposure at different concentrations
on FTO (A) and BDNF (B) protein expression levels
in cerebral cortex of rats (n=6)
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Figure 3 Effects of aluminum exposure at different concentrations
on FTO (A) and BDNF (B) protein expression levels
in hippocampus of rats (n=6)
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Figure 4 Effects of aluminum exposure at different concentrations
on protein expression levels of FTO (A) and BDNF (B)
in PC12 cells (n=5)

3 g

PR MEEEREFHI ZNEANEERTR,
HANANEGE, TANEDS. EERFHRXKIZERH~
FHZFHER™, KEMFTIER, BIENUFESIIE
IZEENNBIB A EEBERNBELRITHEFNEESR
ERAEK, SA/RRERRE. NEHE4EERNRELE
RiHEREESEFIANNIEERERS R EZHE X,
PN ABERITRFE AR oY) L1 IYRFIEXT 1
ZRFARTESHER, CENZFEILIZRENIEZEE
BAREY, ZARKEELERETR, FBEREZE

wWww.jeom.org


www.jeom.org

912 #445-5723L&% | Journal of Environmental and Occupational Medicine | 2022, 39(8)

SIEIZBETIBEAR, 51 AR —3, B EENHIREA,

UEMRER, BEOAFNIIEERENEZEENHI,
FEH & DNA YR BB IRFA R QENIR B
L RMBEZNEY, RNA KRB LHE m°A &I E
Al R E & IR R U B X — #7346 RNA
BREEBIFA S RNA BIFEY 60%LL £, EEF, m°A B]
RIZMIZE N6 (B &4+ BRENEMN, SEZABER
NERE. FERSM RNA BIF, m°A EIRTEAR S
[TZEFE RESMEAEMNMEFIEXNERXT
RZEY mRNA KZEFE m°A &1, HBEEEEYMEFES]
MgiZrmAEEEREEERY", Fro EAEEN
m°A ERENXE, BT RATETHFERSE m°A I
BB K TMmiEIEE mRNA FUEH, B85, REM
MEPFUEENMEMERNRIXY, XHARF, BEE
ZEEFEREN, SESMERFN FTo EERIAEMR
1, BN EARKFHEH—RER, BILHR m°A
EBREES FTo ATEES S5 IRHFE ML IZIRERINE,
2R m°A BE{LXFH RNA (EIRHHICTBES S E AR,

REHEEARFRRATHETEENXE,
BDNF TR ¥ JIFIEIZ U A E M RIT R R P
RIEEEVER, ITHAXT BDONF/TrkB( RALEKE A= 18
BEERNMRERETR: B/)E mAEXHELES
FTO mbRfE, HAES AR SMINEEL £ 4T, 1T
AERNERLZINRFEIIBIZM=TEEIZBENT
B%, BT E S5 BDNF/TrkB B X B0 FE A RIKEE
165, BN BDNF A 4% & R E(LES FTO 181, B2 5EI1%F
SHEIZR BN Z o RIRAR Y LI AABII0RY
FERYB R, BEFRBFERIE I, BONF EE AKX,
BEXM Pc2 PN ERIREIEERMEED, R
MES rFro EHEREMUMERNZKEDE, 1277 FT0
5 BDNF AIgE B M X R, HSBHFE B IZIREN
FBEX, EEEES FTO /75 BDNF BY m°A &I
AERS ERBES NIRRT E,.

S2EH

[ 11 MCLACHLAN DR C, BERGERON C, ALEXANDROV PN, et al. Aluminum in

neurological and neurodegenerative disease[J]. Mol Neurobiol, 2019,
56(2):1531-1538.

[2 T ALUNNI A, BALLY-CUIF L. A comparative view of regenerative neurogenesis
in vertebrates[J]. Development, 2016, 143(5) : 741-753.

[3]LIL, ZANG L, ZHANG F, et al. Fat mass and obesity-associated (FTO) protein
regulates adult neurogenesis[J]. Hum Mol Genet, 2017, 26(13): 2398-
2411.

[ 41 GERKEN T, GIRARD CA, TUNG YC L, et al. The obesity-associated FTO gene
encodes a 2-oxoglutarate-dependent nucleic acid demethylase[J]. Sci-
ence, 2007, 318(5855) : 1469-1472.

[ 51 ENGEL M, CHEN A. The emerging role of mRNA methylation in normal and
pathological behavior [J]. Genes Brain Behav, 2018, 17(3): e12428.

[61JIA G, FU Y, ZHAO X, et al. N6-methyladenosine in nuclear RNA is a major
substrate of the obesity-associated FTO[J]. Nat Chem Biol, 2011, 7(12):
885-887.

[ 7 1 NINAN 1. Synaptic regulation of affective behaviors: role of BDNF[J]. Neu-
ropharmacology, 2014, 76: 684-695.

[ 8 ] AUTRY AE, MONTEGGIA LM. Brain-derived neurotrophic factor and neu-
ropsychiatric disorders[J]. Pharmacol Rev, 2012, 64(2) : 238-258.

[ 9 ] RASK-ANDERSEN M, ALMEN MS, OLAUSEN HR, et al. Functional coupling
analysis suggests link between the obesity gene FTO and the BDNF-
NTRK2 signaling pathway[J]. BMC Neurosci, 2011, 12: 117.

[10] SPYCHALA A, RUTHER U. FTO affects hippocampal function by regulation
of BDNF processing[J]. PLoS One, 2019, 14(2): e0211937.

[11] . EAFEBEEHERNEAMPAR FEHTHEMA [D]. XR:
LLIFREERFKR, 2020.

GAOT. Therole of protein palmitoylation in the inhibition of AMPA receptor
trafficking by aluminum[D]. Taiyuan: Shanxi Medical University, 2020.
[12] KUMAR V, GILL K D. Oxidative stress and mitochondrial dysfunction in alu-
minium neurotoxicity and its amelioration: a review[J]. Neurotoxicology,

2014, 41: 154-166.

[13] KANDIMALLA R, VALLAMKONDU J, CORGIAT EB, et al. Understanding as-
pects of aluminum exposure in Alzheimer's disease development[J].
Brain Pathol, 2016, 26(2): 139-154.

[14] WANG Z, WEI X, YANG J, et al. Chronic exposure to aluminum and risk of
Alzheimer's disease: A meta-analysis[J]. Neurosci Lett, 2016, 610: 200-
206.

[15] YANG X, YUAN Y, LU X, et al. The relationship between cognitive impairment
and global DNA methylation decrease among aluminum potroom workers
[J1.J Occup Environ Med, 2015, 57(7): 713-717.

[16] YUE Y, LIU J, HE C. RNA N°-methyladenosine methylation in posttranscrip-
tional gene expression regulation[J]. Genes Dev, 2015, 29(13): 1343-
1355.

[17] JUNG Y, GOLDMAN D. Role of RNA modifications in brain and behavior[J].
Genes Brain Behav, 2018, 17(3): e12444.

[18] KRUTTNER S, CARONI P. m°A-epitranscriptome modulates memory
strength[J]. Cell Res, 2019, 29(1) : 4-5.

(CUREE TR, RAEARIE | PRI, T3E5)

wWww.jeom.org


https://doi.org/10.1007/s12035-018-1441-x
https://doi.org/10.1242/dev.122796
https://doi.org/10.1093/hmg/ddx128
https://doi.org/10.1126/science.1151710
https://doi.org/10.1126/science.1151710
https://doi.org/10.1111/gbb.12428
https://doi.org/10.1038/nchembio.687
https://doi.org/10.1016/j.neuropharm.2013.04.011
https://doi.org/10.1016/j.neuropharm.2013.04.011
https://doi.org/10.1124/pr.111.005108
https://doi.org/10.1186/1471-2202-12-117
https://doi.org/10.1371/journal.pone.0211937
https://doi.org/10.1016/j.neuro.2014.02.004
https://doi.org/10.1111/bpa.12333
https://doi.org/10.1016/j.neulet.2015.11.014
https://doi.org/10.1097/JOM.0000000000000474
https://doi.org/10.1101/gad.262766.115
https://doi.org/10.1111/gbb.12444
https://doi.org/10.1038/s41422-018-0121-8
https://doi.org/10.1007/s12035-018-1441-x
https://doi.org/10.1242/dev.122796
https://doi.org/10.1093/hmg/ddx128
https://doi.org/10.1126/science.1151710
https://doi.org/10.1126/science.1151710
https://doi.org/10.1111/gbb.12428
https://doi.org/10.1038/nchembio.687
https://doi.org/10.1016/j.neuropharm.2013.04.011
https://doi.org/10.1016/j.neuropharm.2013.04.011
https://doi.org/10.1124/pr.111.005108
https://doi.org/10.1186/1471-2202-12-117
https://doi.org/10.1371/journal.pone.0211937
https://doi.org/10.1016/j.neuro.2014.02.004
https://doi.org/10.1111/bpa.12333
https://doi.org/10.1016/j.neulet.2015.11.014
https://doi.org/10.1097/JOM.0000000000000474
https://doi.org/10.1101/gad.262766.115
https://doi.org/10.1111/gbb.12444
https://doi.org/10.1038/s41422-018-0121-8
https://doi.org/10.1007/s12035-018-1441-x
https://doi.org/10.1242/dev.122796
https://doi.org/10.1093/hmg/ddx128
https://doi.org/10.1126/science.1151710
https://doi.org/10.1126/science.1151710
https://doi.org/10.1111/gbb.12428
https://doi.org/10.1038/nchembio.687
https://doi.org/10.1016/j.neuropharm.2013.04.011
https://doi.org/10.1016/j.neuropharm.2013.04.011
https://doi.org/10.1124/pr.111.005108
https://doi.org/10.1186/1471-2202-12-117
https://doi.org/10.1371/journal.pone.0211937
https://doi.org/10.1016/j.neuro.2014.02.004
https://doi.org/10.1111/bpa.12333
https://doi.org/10.1016/j.neulet.2015.11.014
https://doi.org/10.1097/JOM.0000000000000474
https://doi.org/10.1101/gad.262766.115
https://doi.org/10.1111/gbb.12444
https://doi.org/10.1038/s41422-018-0121-8
https://doi.org/10.1007/s12035-018-1441-x
https://doi.org/10.1242/dev.122796
https://doi.org/10.1093/hmg/ddx128
https://doi.org/10.1126/science.1151710
https://doi.org/10.1126/science.1151710
https://doi.org/10.1111/gbb.12428
https://doi.org/10.1038/nchembio.687
https://doi.org/10.1016/j.neuropharm.2013.04.011
https://doi.org/10.1016/j.neuropharm.2013.04.011
https://doi.org/10.1124/pr.111.005108
https://doi.org/10.1186/1471-2202-12-117
https://doi.org/10.1371/journal.pone.0211937
https://doi.org/10.1016/j.neuro.2014.02.004
https://doi.org/10.1111/bpa.12333
https://doi.org/10.1016/j.neulet.2015.11.014
https://doi.org/10.1097/JOM.0000000000000474
https://doi.org/10.1101/gad.262766.115
https://doi.org/10.1111/gbb.12444
https://doi.org/10.1038/s41422-018-0121-8
www.jeom.org

	1 对象与方法
	1.1 实验对象
	1.2 实验试剂与仪器
	1.3 麦芽酚铝[Al(mal)3]溶液配制
	1.4 动物分组及染毒
	1.5 Morris水迷宫实验检测大鼠学习记忆能力
	1.6 细胞培养和染毒
	1.7 Western blotting法测定大鼠脑皮质、海马及PC12细胞内FTO和BDNF蛋白表达量
	1.8 统计学分析

	2 结果
	2.1 大鼠一般情况
	2.2 染铝对大鼠学习记忆能力的影响
	2.3 染铝对大鼠脑皮质区FTO和BDNF蛋白表达量的影响
	2.4 染铝对大鼠脑海马区FTO和BDNF蛋白表达量的影响
	2.5 染铝对PC12细胞FTO和BDNF蛋白表达的影响

	3 讨论
	参考文献

