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Abstract

Objectives: To screen people with cognitive impairment caused by chronic aluminum exposure,
analyze the differential expression of serum exosomes miRNAs, construct the miRNA-mRNA regu-
latory network diagram of cognitive impairment caused by aluminum, and predict its target genes.
Methods: People over 60 years old in a village around Guangxi aluminum mining area were se-
lected and divided into 6 aluminum-induced cognitive impairment groups and 6 healthy control
groups according to MMSE scale and blood aluminum level. The serum exosomes were extracted
and identified, and the second generation high-throughput sequencing was performed to screen
out the differentially expressed miRNAs. The target genes were predicted by TargetScan database,
miWalk database and miRDB database respectively, and the intersection was obtained. The miR-
NAs-mRNA regulatory network diagram was constructed by Cytoscape software. GO and KEGG
function enrichment analysis of target genes was regulated by more than two miRNAs at the same
time. Results: Serum exosomes were successfully extracted and identified. The second generation
of high-throughput sequencing was completed. According to the condition of [logFC| = 1, P value <
0.05, 130 differentially expressed miRNAs were screened out, of which 118 were down-regulated
and 12 were up-regulated. According to the literature search, five miRNAs were selected as the
target miRNAs, namely: hsa-miR-381-3p, hsa-miR-370-3p, hsa-miR-135b-5p, hsa-miR-708-3p,
HSA-mir-1289. There are 1170 nodes and 1232 edges in the miRNA-mRNA network regulation
map constructed by the bio-analysis, which shows that 65 target genes are regulated by more than
two miRNAs at the same time. After the enrichment of GO and KEGG functions of these 65 target
genes, it shows that there are three biological processes that are mainly involved in regulation,
namely, mitotic spindle formation, negative regulation of protein phosphorylation and transcrip-
tion, and NDA template formation; Cell components include cytoplasm, axon initiation segment,
axon paraganglion region and neuron projection. Molecular functions include protein binding,
DNA binding, microtubule binding, protein Kkinase activity and protein serine/threonine kinase
activity. KEGG is enriched to MAPK signal pathway. Conclusions: The expression of miR-381-3p
and miR-370-3p is down-regulated in aluminum-induced cognitive impairment, which may play
an important role in aluminum-induced cognitive impairment by regulating its target gene FGF7,
thus providing candidate targets for the diagnosis of aluminum-induced cognitive impairment.
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1. 5|15

FA(Aluminum, AL)RHIFEHE =R HR, ERRATREMRE, HAHNEMER AT, &
FERRHZ, FREEYOK. B, BEAA KM AAEZFIRRIEANE. BRAMEIELFIOR, HEA
MNEJESAERNARIFR, FERREMA B, ERIEREFMEREL[1]. PR E G HM
LR, UEINFIThReRER, JUHRIF S SIACEE T, 5T R KB (Alzheimer’s Disease, AD)%5%
TP 2 IR AT VRO B UIA R [2]. KRR 2 S EAH HIMA RGAEIR, % ciZie /1o, 2
N HIZh g R RS (Mild-Cognitive Impairment, MCI) [3].

ANIMA S — R EE A TR, (EABRAM N AT VS AU AR BE AR, ATREE AT A T e g S 4L
HMMRREAE AT HE T IR AN AESRAD RNA S5 2 MMy, AT SR A 20 M AR R, i s F AL i
et RNA Flgmis RNA, 4k1f1 2 5 4 i) (115 258 [4]. MicroRNAs (fE#% miRNAs) & — 2875 E aridt
J& i HAT RS AR e M PR SRR TS RNA, B TARZAAR T, S5RNEERT, &
S5 S K EEHE. miRNAs EAEMEAEEELE, METRMERGETREEE, HS5HETH
TR 7 P S R A i B A B UIAR G . i & e R AR e W R e, 2 F Il B A R N 3 R 1 428 T E Y
MIiRNAs FIA B, HCEAHE RGP RERE T IEH K5 . AD 2% WIS ERRENZ —, 5
ZREFEML, MERLIEFHE AD IWHEBHEERZ —. ZRIGKZE AD [ 2 Wibs i [5)]
( “NINCDS-ADRDA” 8¢ 2011 fiz “NIA-AA” $ZH 12 WibRdE), A% IfIE Rk AD ARG AR, 1
AD HIZWHKH T — e AR SR, 7 R Wibs SVt AR SR o AD i2Wibr S8 E RN
B AB IEMFEE M tau HEIE(RICATTE K, FHFE), Wl= 848 (PET) Barisie & H
R bR SN R NS M REER SUR (MR SR 3 5L A B MR, T 0 Rz 5 25 45
A1 FDG-PET @/ s 0 K o 3 & MK TR [6] [7] [8]- mIRNAS fA7E &AM rh, AT i 3R A4
faifh, HOSCIRGRETE — 2 fE R LM RPIRA . #5 DR BB A A LL i, IR SR
BIPER, AMEIMCRFE 2 A 2 078, Ik AR . DR, 5 R BEAE R AD 2 Wik S84 L,
IR SNEIEIA ML mIRNAs KA TR HLEIG % . miRNAs B A0TmAE, LR, Rl i) s (i
IS, BAPWFIATCE . 208 RS AE [9] [10] [11] [12] [13].

W6 P ORI A (3 FE B PR ARAT R F R AN Wik AT, BB XTI EAR, BTN R
ERIESIR, BRI R R R M R AR R I e AR T i E A R . R, RSO RSO RkE
T8 10 M35 A& mIRNAs Rk B oL, FHxt 2 5 RIAM miRNAs B AT /08, B0 MRS 1)K
AL FRGE TS Wibs B P BEEERIE SRR o

2. M5 5%
2.1 HRIIR

IEEUT PGSR X JE AT 60 % DL ERIZAE NVE NI AR G, BEEUA BRI NNArdE: © 4F
AT 60 2 90 £ 2 [H); @ MMSE VFiFE: KA gk eh DA Ofl e bsitE, SCEE < 17 7.
INFESCAAR Sy < 20 Ay WSS S <22 48 RESUIAR S <2343, @) IERKSE > 3357.19 pg/L.
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Helbrate: © AZ7EHA SR B R BN RIRERT , Qi S AR PR s B AR AT 51 AR R (1 AR i 48 R Gu gk
Wi, QR B AR RE RN @ AR PRSP, W w43 2 B H AR
FESE; @) fATEAS S S50l @ A/ E AT Wr BERFTASRERC & 52 MMSE f625. fd
SHBALMAFRUE: © FERy >60 25 @ BEEAMEE. TEABKS; @ U 3 4MNH W RRHETAET2Y;
@ MMSE 43 1E%; ® If%/KF < 3357.19 pg/L.

2.2. EERF

ARG 77 £ (ribo EXO™ Exosome Isolation Reagent for plasma or serum)iid [ 46 18 4= M08 A TR
A#]; BCA B RN XA . SDS-PAGE B us F il il A6 . ECL B R H EH 2R
YRR IR AT ¥ TIPS CD63 (Anti-CD63 antibody[SY21-02] ET1607-2). ALIX Hif&(Anti-ALIX
antibody[JM85-31 ET1705-74]). HH T EALYIEF(HRP)ARICHI %Pt 19G (Alpaca anti-rabbit 1gG-HRP anti-
body HA1031)34)i) F 422 E B AR AT BR A ]

2.3. EENE

—80°CABARIRVKAL (335, M5 DW-HL340), 4°CUKFE(AHE, 5. BCD-575WYM), & A B O
HLEAAX, #4°5: H2500R), 2 & F4ikHL(FIZE, 45 : Medium-RS30UF), western Hyk A (T R EE
EYE BREA R AR, A5 EA600).

24, FBHE

2.4.1. MEFRARRE

FrAZ A S35 120 J5, TIRHE B 8 s S IR HR LA RS & KL 5 mI/ A, IR AR =
TFE 30 min, EE N ACUKFEIRTE, BUH B Bl A & 08N, BL 3000 g B0 5 min &, B EJZWEE
i, VK ERESET 15mIEP &, FE T-80CUkM&H.

2.4.2. M3BKFa9ME
B A A7 AE—80 C UK AR I LB REA IE B T-20°C . 4°Cy UK ARV, B 400 ul, i 1600 ul 81
7KAH 20 ul 1) 1%HNO;, 2000 g &0» 5min, 4°CLRAF— AR KA S B IR I e G 46 & =

2.4.3. MBS AR S

B %7745 —80 C UK I M i B T ok g, =i, 2000x g .0 20 min, EFRFRE4IML. A,
R LIS AR . LT A A SR B B AT 0T AR BRI, AR % R B P R R
AT N U3 ARFR (A4 4 B, BURIVE ) B VR s AT VR 21, B %8 58 AR SRR A (LI Vi 2V k),
WERESRON 4°CUKEE, #5830 min. 2% 4°C, 15,000% g 550 2 min, BN OHILE BiE, BORE
ANIMARYTIE, TRN—80°CUKAEF-A7 Fl T J5 425256 .

2.4.4. Western Blot #&l5ME+4Ri2EH

B PRI AN AR TE 4 BCA R & T 8 F 8 &, i 10%SDS-PAGE #EHi ik 43 25, ¥4 FV &2 PVDF
JE 1, F 5% Wk b 2 h, 3 3 U, BRI 5 mins JINT% 1:800 L7 iR I G B 5 B T CD63. ALIX
Podk, ACREIRIER, EPe 3, FIXS ming ZHERFE 2 h 5, E6% 3K, BIK5 min; 50 L
ECL @Rt R e, AT L.
245 BEEMNF

F Trizol WEEAHHEH total RNA, E5t g EE I Fo vk V) Bg 16 5 18~30 nt B v B 4 lide e 37430 57
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Bk, ARIAASERE T IR small RNA HEAT S e s fll PCR 9748 o fi i BIE ME R LUK IR 4 AE 2
140 bp HI2%F, SEMOCEREE . MEAFRISCEAE Agilent 2100 PA K qPCR #EAT 5=, JF EHLIAE .
Fr it 7 Ak de B AE AT BR 2 7] SE o

2.4.6. fREERFTIE MiRNA

xRz F R/Bioconductor 4115 5 %8 i Bdis b AT A B, RIS R GG R N R R AE
TG, WEIRIATIR AR, 1ZH limma £ M IR L 7 R RIA B N, iRk A& P < 0.05, |logFC| >
1; JRethl kil A,
2.4.7. miRNA-MRNA iEiE ML B H3E

fifiide tH 72 7 3RIK miRNA 2 J5, #H47 miRNA 8L R Fi . 437332 A Target Scan %42, miRDB %{
i miwalk Eods 22 AT BEIE DR A0, G Y 3 AN EE R AR AR IR R R E N BE L K] . 12 cytoscape3.8.2
AR mIRNA-MRNA PR 25 &, ik i B 2 NELZ A miIRNAs 3 [F] R R A
2.4.8. MMEEHFIT GO f KEGG 434

{8 i DAVID6.8 A= 4)15 B Bt 4t e X #E L R 1HEAT GO Ml KEGG % & 4 73 #r. LA P < 0.05 A%
RAGFE .

3. &R
3.1. MiBESMIMERN D ELEE

FK H A ENZE(Western Blot, WB)R I AMNBARRICE A9 F, R\IRIA4MNB AR L CD63, ALIX
PRcEASF, W 1. A iRe S S AN AR ETR .

CD63 26kD

Figure 1. WB Identification of the expression of exosome marker protein molecules
1. WB £ESMNBAFREER 7 FRIFRIK

3.2. ZRFIE miRNA BFFESER

7 195 65 S5 DA SR e oy 2EL AN gk B o) HE 4L MLV A/ Ak 22 S I 1 miRNA, i 16 2% 44 M |logFC| > 1, P < 0.05,
I 130 M2 5 RIAM miRNAs, Hor 118 MRk, 12 A~ Bk, JeedlalE, i 2.
2SS I PR MR BN ABERS hHiE, HZ25 AD BUAMIIIRERERSH hsa-miR-381-3p (TR iM).
hsa-miR-370-3p ('~ ). hsa-miR-135b-5p (N if). hsa-miR-708-3p ('~ if). hsa-miR-1289 (_Lif#){E NAWF 7T
(15 % miRNA.

3.3. MiRNA-MRNA B R4E 54

e miIRNA FEATHEEE R T . e FEAE Target Scan #5522, miRDB #4fE . miwalk %54 2E
TR B () FE R R HEEER, % 5 4> miRNAs ¥EEER/E R MK, il 3. Mgt 1170 54,
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Figure 2. Volcanic map of difference miRNA

E 2. Z% miRNA AL E

Figure 3. Regulatory network diagram of miRNA target gene. Note: the green diamond is miRNA, and the oval is miRNA
target gene predicted in the Target Scan database, miRDB database and miWalk database, among which purple is the target
gene regulated by two miRNAs

3. miRNA $EEFIEMEE . iF: FBEFA MRNA, WEFA Target Scan ##EE . miRDB ##EE . miwalk
HEREE P TUNEI A miIRNA $8EE, HAPEERZE 2 D miRNA BIEHEEE
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1232 %0 ZMZEILEA 1165 NMEEED, HAZ 3] T HAEZ A miIRNA L FEAEEERE 65 1, 4
S&: AAKL. ANK3. AP3M1. ATRN. BHLHB9. C180rf25. CA12. CAMK1D. CENPO. CHD2. CLOCK.

CMTM4. CREBRF. DCAF10. EBF1. EML1. FAM168B. FGF7. FRMD4B. GRB10. HNRNPL. IPO9.

KCTD15. KDM5B. KIF1l. KIF1B. KLF12. MAP4. MBNL1. MCL1. MEGF9. MKNK2. MYEF2.
NFASC. NSL1. PBX1. PLEKHA6. PSD3. R3HDM2. RAB15. RAB6B. RBPJ. RNF170. RPS6KA6.

RRAS2. SBSPON. SH3PXD2A. SLC25A24. SLC30A4. SLC6A17. SMOC1. SNX8. SPRED1. STRN3.

STX7. SYT11. TAOK1. TBCK. TET3. THEMIS. TRIM33. VCAN. VCPIP1. ZBTB39. ZHX3.

3.4. MEFEAK GO 1 KEGG &r#h

432 BB A miRNAs St [F] 2 1) 65 AN FEEE R E1T GO Al KEGG il #% 43 3 21 19 26 D ReiERE,
SRER, VRO 2Ry ERH S ORI A S AT, NDA BERREE 3 N5 . A
RO BRI . SO IR B R IX . IARR. MR ICIRSTEE 9 N7, A T IUIRE IR R R A
4. DNA 54 TS sE &, MABEHG . B AR 2Z R 2RI xR riEtE, Folkss
DNA Z544t 6 AN, KEGG &4%] MAPK {558 1 Ms 5@k, WA 4.

(4]

hsa04010 MAPK signaling pathway
G0:0003700 transcription factor activity, sequence-specific DNA binding
GO0:0004674 protein serine/threonine kinase activity
G0:0004672 protein kinase activity
G0:0008017 microtubule binding
G0:0003677 DNA binding
GO0:0005515 protein binding
G0:0033268 node of Ranvier
G0:0043005 neuron projection
G0:0005764 lysosome
G0:0033270 paranode region of axon
G0:0043231 intracellular membrane-bounded organelle N 6
GO0:0043194 axon initial segment
G0:0005654 nucleoplasm I 18
GO0:0005875 microtubule associated complex
GO0:0005737 cytoplasm
G0:0045892 negative regulation of transcription, DNA-templated FN 6
G0:0006468 protein phosphorylation HEEEN 6
G0:0007052 mitotic spindle organization Bl 3
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Figure 4. Target genes GO and KEGG, Remarks: BP: biological process; CC: Cell components; MF: Molecular function
4. $MEE GO M KEGG, #%iF: BP: £4id18; CC: M SY; MF: 5 TFIhEE

4. ¥hig

IBEAR R R T e S BUVARI &R, G R ARSI, IR 1R 126E 77, S E0OA
FODHRERSRT o AT BT FE A B, B TR R UUKIR BT (8 ATE AD A0 R IR T mi[14], Hig s
"> AD RAE15]. S SEIRAE SR I B AR ] SR SEIR SN N R S RN, 2 2SI RE ) T IR,
1L AD B AR BT A 22 203 [16] [17]. ) PHERAT X AP A e 45 o T A i SR 5 A e A R IS
s Ik RS AR 2 i 5 ) o FATREALAE DAL TS AL 7 X 24 N BNk RE 1 5k
0 DXCEAE N HIARIRE ) B35 1 2 57 18]

MCI AT IE W T E MR Z A — Rl RIS BUIRZS[19], RBUNICIZIGR 58 AR, (Hi
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HILF| AD HIFRHE. MCI & AD R0 TR, AT BT LT T f AR IR [20] . 40 SR R 44
RIAEH MCI, FRLEREBY B A7 10, 2EZ% MCI R JERCN AD P REEA BEE . Fk, R4S
MCI [FI5GEE, X MCI S AE bR i 4 s I i oy E 22

MIRNA & — Pl e A4 T HLFRBE P /N7 TS RNA. BRRIER 2 (R SE R B, 50 S
FIE ) mIRNA G 905 BHRIZ W A Pbsic 0 A (8 o ASHIE 8 HroRt 78 BB IR 1 A FE )22 48 Nk
A7 AR A FIUSCEE SR 45 52 Al i AT v 3 Bl 7 5 7 3% ) 130 A 22 5 R IA 1) 1ML 375 MR miRNA .
GEREIR, S{gE AL, BECAMBEGA Z FRIE miRNA FRIE TP mRNA B2, 1 118 4
mMiRNAs #ik R, 12 4> miRNAs £ik L. RAE Gk R AT IE, BATHET AR H 5 ANl kb
FEAH IR (B3 22 7 308 miRNAs, Bl 4 A~ FifiZiA: hsa-miR-381-3p. hsa-miR-370-3p. hsa-miR-135b-5p-.
hsa-miR-708-3p, 1 ™ L ifiZkiA [ hsa-miR-1289.

MIRNA Ji o 55 H A0 EE PR P 1) FI AT 400 S PR i, 7 35 TR e SRR e it i /K1 4 T 2 F R % A
o ABEFEEE 3 AR E TN T ERBUARBERG hAFAE 22 7 RIA ) 5 A miRNA SRR, JRa) T
MIRNA-MRNA #% M 4% &, P2 H A 65 AR R 52 21 2 4> miRNA JE A% . Jain 2E[21] 05
FW] STRN3 J& 2 5 4855 4 5 R A5 A P 7E TR TR 2 10— NS 43 - VCAN (versican) & T AR #CH 2 &
FIERME, RERS T IIE R IR A K, BIRS 5MAE RRM K ES B [22]; sk ENGE[23] T 71 R
PEEALA) VCAN 7EIAE AR B i U 3% Hp 320k i, VCAN BERALfEfl VCAN Rk BT, M
PO A% B LRI AE . Rk, HEMNE 42 48 d miIRNA 32 2224 miRNA 2 [ 583 R 7] A
Z 5 T EBOARIEAT 1 AN Sk R .

BB RS I L AT B R 58 5 5 2 PR A ARAR (A N S L R RLAR)BiA, B B Th RERRRS, 5 S
L AR B R, BOE — RAE T8 X232 A4 miIRNA % 1R R i T GO il KEGG 43047t
5 ESRIE MAPK 5518, 25 MAPK 55 1l % [ 48 JE K £ 5 RPS6KA6, FGF7, TAOK1, MKNK2,
RRAS2. #2345 1% 4k & 1 4% (mitogen-activated protein kinase, MAPK) & —2K 2 & IR/ 77 AR, HZFh
) TRGLE R, —E 540 AN T 8 I (ERK). c-Jun N-K i i (INK) AT p38MAPK. MAPK {558 5
AR RE. otb. HT-EHEEVEER, MAPK fEHARIE RS2 #ik, SR st flss
5, AIEMLEE . MEEFRRE T AKE TS EDT MAPK E B S flfE s sEIamER, B
BANMALEE, NS 5HERGLFEBE RIS, FIARH MAPK (558525 A FITTHA
A tau g E I BRI AR [24]

hsa-miR-381-3p H)ZmtSEEHAL T 14 SHEAKMKE -, J&T miR-154 BEFE KK, 20U 7R,
hsa-miR-381-3p 7Efififi . e 4 Mdm SEm v I b i RIA . [R5 B 78 K I miR-381-3p J¥ AITEA
FY Rl 2 A AR Ay, HAPIE R B 45 T MAPK. Wnt. mTOR £5(5 S8 [25]. WFFTRI, 7675 S 44
H1 miR-381-3p (KR FGF7 i1k, HWIHI#E/R T miR-381-3p M FGF7 Z [AIf7/E EE MR M /EF K &,
HEMAMIE, miR-381-3p i GFG7 HIFKIE, MG T & S0 MIGTE . T AIRZE, T 40
AR AR AN B T2 [26] - BT 4E4H i A5 K [X - (fibroblast growth factor, FGFs)f2& H1 % Fl 4l 4V U AT T
AR A ERR G 5 TR . FGFT J& Tk, H FGFR2b /2 w3kl /12K [27]. FGFT7 45
At FGFR2b %1k, ARJEPLEIE S — L85 S, W RAS-MAPK 1 PI3K/AKt, Al 17E e & @
o 5 24 A [28]. Chen W Z5[29]7F AD & A1 A B i 311 SH-SY5Y 4H s miR-107 [3RiA /KT &34 %
i, UESE miR-107 7] F#AK FGF7 3831k /KT, B J5 1 FGFR2/PI3K/AKt il 1% 23 - FAT T A 78 miR-381-3p
WAL IL, 75 T EEFE K hsa-miR-381-3p. hsa-miR-370-3p #R il # T FGF7, H. FGF7 125 7 MAPK
SEAEE, P, FAENESSEAEERS S+ hsa-miR-381-3p. hsa-miR-370-3p 5 FGF7 fE7E#L[H 55 &,
HAE MAPK 15 5@ B h K HEETEH
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R BTk, MRV R FBWUAEER, HF R S0IZ68 )8 MCIL %k H AR EUA N R
15 22 5 3R0K Y IS A M A mIRNA B FLFi0l 1 #8554, hsa-miR-381-3p- hsa-miR-370-3p. hsa-miR-135b-5p.
hsa-miR-708-3p. hsa-miR-1289 45 ¥ Ry FR BUIA KN R RS 5 0112 Wi (1 5 55

5. MRmERYESRE

KU TA KIS HNE, BRAE—ERRRE. AT, AREIH I 208 Rk &) ve 5
B XA 60 % DA B2 AE NFFIARIRE T, /DS R BORE, i B/ ST 60 2 Bk B0 s 1 8
[ AR LE s ASHTFUR KA RIBE /0 B RAE N P AR D RE/KCT (K — il B TR, AR AUXT R A& 75 9
ZIEREEE AD IR ARE, MHESSE, BRI ESRR, WINERR AR AR A
BEPARSEAGA AHT FOIT IR 32 BIRERE EAR IR, SRR MAEAREAT IR, R IBOT 56 R0 )
FEARANE s I P 25 3 1) 75 22 5 2 AR N A SEBR EAT A R BE ERA TR I SRR S . ST, A ERAALIE T ok
M TARR S8 LR A R RETT . AT B X 2 N ST A BE VT M BTE,  DASESF b 1 g HA
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