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Abstract: [ Objective ] To observe the changes in cognitive function and the relationship between cyclin-dependent kinase
5 (CDKS5) and phosphorylated tau protein in plasma in workers exposed to aluminum. [ Methods | A cross-sectional study with
cluster sampling was designed to collect 418 male workers from an aluminum plant. Mini mental state examination (MMSE), digit
span (DS), fuld object memory evaluation (FOM), and simple reaction time test (SRTT) were used to assess their cognitive function.
Fasting venous blood samples of the workers were collected and analyzed by graphite furnace atomic absorption spectrometry to test
blood aluminum content. ELISA was used to determine the expression levels of phosphorylated tau 181 (P-taul81), phosphorylated
tau 231 (P-tau231), and CDKS5 in plasma. [ Results ] The subjects were divided into three groups according to the Pas and Pss
values of blood aluminum levels: low [(64.00 + 17.78) pg/L], middle [(132.59 + 27.45) ug/L], and high [(244.45 + 69.86) pug/L] blood
aluminum groups. The cognitive function tests showed that the result differences of MMSE, DS, FOM, and SRTT among the three
groups were statistically significant (all Ps<0.05). The protein determination showed that, compared with the low blood aluminum
group, the P-taul81 and P-tau231 levels were significantly higher in the high blood aluminum group, and the levels of CDKS were
significantly increased in the high blood aluminum group and the middle blood aluminum group (P <0.05). It was found that P-taul81
was negatively correlated with MMSE, DS, and FOM (r=—0.308, -0.285, —0.252; all Ps<0.05), P-tau231 was negatively correlated
with MMSE and DS (r=-0.326, —0.291; both Ps<0.05) and positively correlated with SRTT (r=0.257, P=0.050); P-taul81 and
P-tau231 were positively correlated with CDK5 (r=0.327, 0.253; both Ps<0.05). [ Conclusion ] The changes of cognitive function
induced by occupational aluminum exposure are associated with phosphorylated tau. The expression of CDKS5 in workers is related
to the phosphorylation of tau, and CDKS may be involved in aluminum-induced tau protein phosphorylation.
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12.1 FEZME  Thermo iCE 3500 A7 847 5 Tk
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Thermo £2325 Uy BHAZ 4T ( Thermo Fisher Scientific, 3£[H ),
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BRHE]D, D), TR MRREIFER 240, it ),
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122 FEZRA “FEHILEIEHLE 4 KN OTR
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A B A, FE ), Triton-100( SIGMA-ALDRICH, 3%
B ), GERG A 2l gk (DM ik g SR A BRA |, o
B, g Bralifisig ( RKaT Ko7,
), 100 pg/mL 5545 HEAE 25 (AR ZRAH 7T 5 5 43 AT D
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JeE A ECL 4 0 3 v ( ORI T B A i R AT PR 5
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1.3.1 M #EAE RESmLAEFIKING, &A
PLEER M, FHZIG, 716 x g &0 Smin, ¥ FJZ
W3R 743 2B b B VR A7 AT (8] 52 30 38 R4 7 40 B o B
100 uLL I IMA 1900 ul. 1% FEERFS BRI, 4°CIHAL 24,
TR A AR

132 HEEPFllEmlees SCIFEMAm, 52
35 FHEL o Sk i 25 R B ES T G o fERHTSE A 10%
AS PRI LR IR 0 3 d L BRER A 2 T s, AR5 TR
Al K VPR S, Lk I A Al e T v 2 9 a5 T R
D 1% SR A PEL, 53 M 4Bl R 5 mL, Triton-100
ImL, FRERG S 264 K & 75 2 500 mL; 2 10% fif iR
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OFFRAERL AT, F 19 i B B RCRE A0 AR E I 45 T
Wi B 22 20 pg/Lo AR BOE . TAEBAS, 309.3 nm;
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133 & E R E I T ) A
WAE T NSEAE B, >R FH 15 280K PR A i 28 (mini
mental state examination, MMSE )"2 132t T2 A RS F0tR:
S, ERRSBER, B3040, AFuE UL T A
INFIDIRERRAT ;. 207 BESE ( digit span, DS). #{A
10425258 ( fuld object memory evaluation, FOM 21455
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HeBEI 72 23 5% N tau-181 85 1 | tau-231 25 9 ELISA
R S AN CDKS ELISA 355 &, #4548 RE il s i 15d B
SUE (e
1.4 %t FEaHr

FIIFH EpiData 3.0 46 37 5508 1 31 53 A5, 1
FH SPSS 17.0 B AF AT Bdls Ab B, Z2 21 3 5 WOk} L 4K
FHA R R I 224007, PPN ELA R LSD 8 Dunnett-¢ ¥
B85 Pearson A JC 23 AT T 1F 25728 a8 A AR e o #6156 7K

fE a=0.05,

2 $#HR
2.1 FAAAniEfk T AR AR KT E R
HR A5 1 45 7K SF- Pas (1 89.28 pg/L ) Fll Pos((182.76 pg/l.)
P B R 2 ol TN 4> A 34T G I 4R 41 (64.00 +
17.78 )ug/L |, FPufiERa [ (132.59 +27.45 )ug/L |, il
R [(244.45 +69.86 )ng/L ], 3 2H N FE M40 /K- 22 5+
Hait2EE X (P<0.01 ),
2.2 R 4B K TAGA Ze T Akl X 45 R rkax
FAIIL, 2022008, AFILER7KE- T A MMSE
DS, FOM ., SRTT AL RA2AA, ZRARITHE
N PP ERES, SRR EL, mIm AR . i s
ZH MMSE 7543 B L B4 ( P<0.05 ); DS, FOM 1553 7
IR 2L AT L A 2E 0 i R 2 34 B 8 BTG ( P < 0.05 );
SRTT 4 5 1105 2HL Eb PR 0t 4605 2 0 o I A6 4 S 2 Sz iz
B[R] B R 3 N ( P<0.05 ).

F1 REMEAATET AALIAERR R (T+s)

Table 1 Comparison of cognitive function test results of workers with different blood aluminum levels

5341 ( Group ) n TRPEDR MUk A 125 ( MMSE ) B, ML (DS ) PRI AZIEL (FOM ) T BB (SRTT )
I 1M1 5441 ( Low blood aluminum group ) 104 28.92 + 1.06 16.92 +4.05 25.01 +3.28 458.57 +77.99
i 4546 ( Middle blood aluminum group) 210 28.55 + 1.48" 16.58 + 4.34 24.74 +3.48 463.79 + 78.64
#4341 ( High blood aluminum group ) 104 28.17 = 1.94* 15.53 +4.30™ 23.86 = 3.84" 484.68 + 91.57"
F 6.307 3.129 3.194 3.053
P 0.002 0.045 0.042 0.048

[ ]%: GMRMm4B44t, P<0.05; #: 594844, P<0.05,

[ Note ]#: Compared with the low blood aluminum group, P<0.05; #: Compared with the middle blood aluminum group, P<0.05.

2.3 ) 484 P-tau %% @ = CDKS5 & & iR tb3g

F2AN U, 2807 22 40 M, AN TR I BR K CE TN
P-taul81 ., P-tau231 #l CDK5 25 [ ¢ B A A A, 22 5
HA G20 0 WM, SIRmRd e, &
MBS 2 P-taul81 ., P-tau231 ¥ BE 3 7, WL Bn 4. &
AR 40 CDKS W BE vy, 2R HA S8 X (P<
0.05 ),

J

2.4 P-tau & @ 5iAsm gk CDKS 8948 X 57

Z$3 A I, P-taul81 5 MMSE . DS, FOM ¥J1¢7E
A2 Cr 4 5 A -0.308 . —0.285, -0.252, ¥ P<0.05),
P-tau231 5 MMSE . DSFAZERADC(r 53518 -0.326, -0.291,
¥1P<005), 5 SRTT A 7E 1E A K (7=0257, P=0.050 );
P-taul81 F1 P-tau231 5 CDK5 ¥ 5 iF #H 36 ( 4> %1 H
r=0.327, P<0.01 #1r=0.253, P<0.05 ),

R2 ARMERAKET ABEERL tau F1 CDKSREELE (X £5)

Table 2 Comparison of P-tau and CDKS5 concentrations among workers with different blood aluminum levels

4341 ( Group ) n WAL taul81( P-taul81, ng/L.) WAL tau231 (Ptau231, ng/L)  JARIZEMMPERAE 5 CDKS, pg/L)
{15 2H ( Low blood aluminum group ) 104 33.76 £2.58 26.13 £3.87 15.05 + 6.27
P43 4 ( Middle blood aluminum group ) 210 35.60 + 5.83 26.67 +2.49 18.78 + 4.42*
LR 4H ( High blood aluminum group ) 104 38.60 + 6.81* 28.59 + 3.05* 19.05 + 5.80"
F 3.627 3.177 3.235
P 0.033 0.049 0.046

[E J*: Gk 4k44atk, P<0.05,

[ Note J#: Compared with the low blood aluminum group, P<0.05.
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Table 3 Correlation analysis of P-tau with cognitive function and CDKS

AL tau181 MR tau231
CDKS5 7254k P-taul81 P-tau231
CDKS variable

r P r P
AR MRS R (MMSE ) -0.308 0.013 -0.326 0.011
B EERA (DS ) -0.285 0.024 -0.291 0.025
Ptz (FOM ) -0.252 0.046 -0.205 >0.05
fRT B W ( SRTT ) 0.211 >0.05 0.257 0.050
S B S(CDKS ) 0.327 0.007 0.253 0.041
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