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50 Hz #1752 E %t Neuro2a/APP( 695) £ B 55 [F 45 5 I 241

MEE, LAR,ZAA G, & M,k & ATXHF, FAREKEF 2FTF,KFX 400038 i,
W ZE e K (B =R K ) ZETRTR 12 2 R ZE N5 2l T A 22U 35, v R S I 2 I 4 2 3 B o S I 3

(HZE] HM W 50 Hz #1372 58 X Neuro2a/ APP (695 ) 4l s BE R 4% S 1520 . Jjid Neuro2a/
APP (695 ) 4t Jfa fi BBl AIL 53 A 11 1 i B AL NG S 2R B 4 (n=3) o R 558 1.0 mT 50 Hz 1FJiE % #4
Y,4 h/d, 3523 ds ke AL A0 M bR i BB o R A 2 R 2 . 2 58 25 oS Febm v J sk A
AT SR P A DU, AL 454 i RNA 45 35 50 o i PP fn gkl e i 46 &5 50 Hz @437 2 65 5
Neuro2a/APP (695) i fifiA7 141 Fje PEr BRI Rk LA 17 I W i A8 4, oAy 129 Fhgeik B 12 FpaR
KT, GO BRI R, Neuro2a/ APP (695) il 62 Filt |8 25 57 3Rk FE R ¥ It 432 2k g 2%
GO Tiifig & 4, o b KA Wy~ add A 337 25 AR AL 43 16 25 40T U068 79 253 Bl T i 22 = s SE R 3k
W 275 KRB GO IIREE 4, Hoh i AR 2k B 260 2 40414y 5 2% AT IhfE 10 2%, KEGG 38
PRAYHT R, X S 25 RIL AT fES 5 T 20 45 KEGG il g%, o 2 AN F 22 Sk JE D %, 18 A4S |3
ZSFGRILNTE B . 8518 50 Hz 4% 2 75 v BEXT Neuro2a/APP (695 ) 4fi ifd i) i it 3% 4 . Hippo {5 518
B OB SR A B RR B 2/ BRI B R 3R L AR T AL RS R R R R O-SRME AR W & A T
FRARA N DL SE AT B S 50 Hz #%37%) Neuro2a/ APP (695 ) 4 it Az 5 i ) £ BLIR A%

[ 427 ] 50 Hz 3% ; Neuro2a/APP9(695) 4l ; mRNA % 52
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Effects of 50 Hz magnetic field exposure on transcription in Neuro2a/APP(695) cells
TAO Jiawen, MA Qinlong, GONG Mingyue, CHEN Chunhai, GAO Peng, ZHANG Lei, HE Mindi, LU Yonghui, PI
Huifeng, YU Zhengping, ZHANG Yanwen Department of Occupational Health, Key Laboratory of Electromagnetic

Radiation Protection of Ministry of Education, Faculty of Military Preventive Medicine, Army Medical University ( Third
Military Medical University) , Chongqing, 400038, China

[ Abstract | Objective To investigate the impact of exposure to 50 Hz magnetic field on transcription
in Neuro2a/APP(695) cells. Methods Neuro2a/APP (695) cells were divided into radiation group and
sham radiation group (n=3). The cells in the former group were exposed to 50 Hz magnetic field (1 mT,
4 h/d) for 3 consecutive days, and those from the latter group were only placed in the same coil system under
the same conditions but without 50 Hz magnetic field. After exposure, all samples were collected to undergo
standard procedures for transcriptome sequencing, including RNA extraction, data quality evaluation, and
data analysis. Results There were 141 identified significant differentially expressed genes ( DEGs) in
Neuro2a/APP (695) cells after exposure, of which 129 were up-regulated and 12 were down-regulated. Gene
Ontology (GO) enrichment analysis showed that the 62 up-regulated DEGs were involved in 432 significantly
functional properties, of which 337 belong to biological processes, 16 to cellular components and 79 to
molecular functions. While, the 3 down-regulated DEGs were involved in 275 significantly functional

properties, of which 260 belonged to biological processes, 5 to cellular components and 10 to molecular
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functions. Kyoto Encyclopedia of Genes and Genomes ( KEGG) pathway analysis revealed that these DEGs

may be involved in 20 differential KEGG pathways, including 2 down-regulated pathways and 18 up-regulated

pathways. Conclusion

pathway, glycosaminoglycan biosynthesis-chondroitin  sulfate/dermatan sulfate,

Exposure to 50 Hz magnetic field may affect adhesion junction, Hippo signaling

protein  digestion and

absorption, mannose type O-glycan biosynthesis in Neuro2a/APP (695) cells, and these may be the main

pathways that the exposure affects the cells.
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Z— o ARAKAT 7% 3% ( extremely low frequency magnetic
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LI AR

Neuro2a/ APP (695 ) 4fi il >y % 2 e U N\ V& ¥+ Hip
1% 9 ( amyloid precursor protein, APP ) 695 i ki {9
Neuro2a /]NEURHZE BRI, BE 7™ A2 K5 1 B-TE My HE 2R
1 (B-amyloid ,AB) , J& ' JH 1) AD (RSP RIAN M, X

ol 240 6L EL AT T P 22 200 ) 0 L 8 R S % T
S5, ATVED RLAF R P AR RS T BEAEL AD (4 B A
AL ARG Neuro2a/ APP (695 ) 41 i 9255
XA, BAEWFFE 50 Ha AR ARSI it 12 5 ) B 5 % AD A%
20 R R SR ) 2 S TR AR 5 85T L o A 5+
VIR E YR AL R A

1 #RERZ®

1.1 Neuro2a/APP(695) Za j3% 4 75 ik 5 B & 5 3

Neuro2a/APP (695 ) 4 ifd iy J&Z '] 2 i 22 B 2 b
FEIRVFAEIEEAZ AN IR = ARG 3%, &7 SR L R
PSR B NG 7 88 4 (n=3) . % Neuro2a/APP
(695) 4L RE FE4E 7 10% Jif 2F ML 15 A G418 8t {75 K
T R A )R 5 B 7 e (T 7 5 % 5 A0 v R B A ik
LUARREC ) v, B T A0 B R4 vh s g%, 55 9% R 1
37 C . 5%CO,, A4 K 225 80% 55 F7 IS 7K
IF AT A ARG 5 R IE Jié i 4 3% %% &% (1.0 mT 50 Hz,
4 h/d,JEZE3 d) o e RS S O TE A0 M B SR A A
2 A58 A AR [A] Y fE B E, DAB DR AR E R — SO IR 2%
1, Hor— AR AR E S BR A 20 B (1 22 B8 ELF-MF) |
T3 THCE W7 7% g A 20 B (ELF-MF 2288 ) | {1 5
MEZH AN BRI 50 Hz 37 2 55 S0 5 i 5 e 4 BT Ab 34
Bi—%, IR LR S, 4R WS E4E ELF
AR iR JIE AN R], ASBIF 58 o (s T Y 8 IR R 42 (1TVIS
Foundation 2y &), Fi—+) WLIE 1,
1.2 EZRXAFNE

A2F I (3E 1 Gibeo AW, G418 8L FE & i
24 (G-418 Sulfate, L 5UR K ERHA RA A , Il
TR (36 [E B R R B A 7 ), G 97 ik
( DMEM/High glucose, & [E B LA ) . RNA #2H
I (TRIzol, ] JH S A P RHA R A ] ) RNA 2341k
& (B EL TR BRAR]) , RNA S il #1205
& CEMBEAYRARLA]) R & (£ H
I @ PR RFA R AR o WU LT (FEEK
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HRBHE A AL 56, H SRk R S8 (L HERFHL
ARAT], SEED , AL (Mlumina 237, ) , ¥ R
B DAL (AR AL T8 ), PCR AL (HB & 73 #r
ACAS I 2~ W) P BERE R R G (KARERHY, B
) R CRBERHEL, B |, R BR 48 (1T'1S
Foundation A ], 1) o
1.3 RNA I

YRR RZE RS 56 2 K, VK B R 3 PBS o
U 2 YR Sz B TRIzol MAZHE h $2 HUE RNA, SR
PRI OCEE TR I RNA FEAHY A260/A280 WO
J& 1, RNA 23 Hrialn] &l E RNA Y RIN {8,
1.4 AAA 55 F M (RNA-Seq 3K ) 2 B Fo il

PEHCE RNA, WS RNA 79 it it f , MR 40 X700 6 i
HIA5, {8 ] RINA S8 i) 512 700 0 Ay S, ol
ICHATIN Y o 81 DESeq2 #4722 5 38 70 Hr, BLE
P {<0. 05 Fi1 log, ( FoldChange ) >1 5§ log, ( FoldChange )
<-UAEN W35 22 5 R B Y (B . RINA A6 1 4
MR 55 it b b BbE A i A DR A PR m) it
L5 B3ELH

M Mlumina/BGI -5 A4 i EE H T4 9015 B2
g3t B it B R AE A AR R R A
SENL, EEAL RO : FTAE | HoXS 27 B IR 20 | PO
FRIKE T R IK2E 57 BT GO (gene ontology) &

M AR R 4 A R4 5 (Kyoto Encyclopedia of Genes
and Genomes ,KEGG ) 8 73 #r o Forpr , A 00 3] f) ik
jf 1T Fisher 58465 4 ( Fisher” s Exact Test) , #29% P {H
(P<0.05) F1 log,( FoldChange ) ${H ( KT 1 B/NF-1),
HEAT 25 5 10 W A AT o

2 H#R

2.1 MAHERZICERIT

Neuro2a/ APP (695 ) 4 fl7E 4% R A5 H 2 55 4 h/d,
HEEE 3 d JE, W 4R HR AL RN R 3 B 5 A AT i AL
SN BT, A AR I T 26 B o e O R
RRG(E B RBIR TR A A%, 3 1 iR,
2.2 50 Hz #3% % % *F Neuro2a/APP (695) a i 2 F

L DR AT

Neuro2a/ APP (695) A1l /148 B A h 22 5% 4 h/d,
B3 d g, AT SR T AT . 25 SRR, ek
i B2 RN WG 37 A o 1K log, (FoldChange ) > 1 8§
log,( FoldChange) <—1, H P<0. 05 /E /2 % 1 & M Fr
WEL A 169 FhEL ik & T 8 B ARk, Hodp 28 B
AE MR TR 141 FEM R 22 R KEEE A
129 Fheik bl 12 Fpgeak T (& 2) , FHo Ay A4
wH GO 25 BERILF L 65 Fli(F£2)

Welcome.

S e

00T | OFFPhase
L' ad

AREORRE B RENE; CAR R WA PR
1 50 Hz #37MMARTBRE

&1 50 Hz #35R5E /5 Neuro2a/APP(695) KA REIL 2451t

—— Y e —
Btk R -1 46 198 986 45 790 940 6.83 0.03 97.19 92.26 49.29
B B 2 -2 65 276 424 64 727 886 9.67 0.02 98.43 94.99 49.55
B B 2 -3 40 641 988 40 208 100 5.99 0.02 98. 04 94. 14 50.73
T R Yl-1 60 736 904 60 101 464 8.95 0.03 98.01 94.13 51.61
Wi R -2 37 668 850 37 236 802 5.55 0.02 98.03 94.17 49.40
Wi R E-3 48 513 842 48 125 688 7.16 0.02 98.27 94.73 49.32
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log,(FoldChange )
2 50 Hz #4375 5 Neuro2a/APP(695) 4= FE F A 1L E
x2 RREHBERRIEER (65 F)
4 SR %S li%es Eicpun log, ( FoldChange ) P
. ENSMUSG lymphocyte antigen 6 complex, locus G5B [ Source: MGI Symbol ; Acc:
i Ly6g5b 4.528 0.028
LA 00000043807 R MGI 2385809 ]
ENSMUSG . .
00000030270 Cpne9 copine family member IX [ Source : MGI Symbol; Acc: MGI ;2443052 ] 4.300 0.048
ENSMUSG retinaldehyde binding protein 1 [ Source: MGI Symbol; Acc: MGI:
Rlbpl 4.240 0.017
00000039194 P 97930]
ENSMUSG caspase recruitment domain family, member 9 [ Source: MGI Symbol;
d! 3.89%4 0.02
00000026928 Cardd e MGT 2685628 ’ ’
ENSM
OOOS()O(;JQSSGZSS Zthx4 zinc finger homeodomain 4 [ Source : MGI Symbol ; Acc: MGI ;2137668 | 3. 665 0.028
ENSMUSG solute carrier family 36 ( proton/amino acid symporter ), member 2
Sle36a2 3.636 0. 04
00000020264 ona [ Source : MGI Symbol ; Ace: MGI ;1891430 ] ?
ENSMUSG
ldn4 laudin 4 ce: MGI 15 Acc: MGI: 1313314 .14 .034
00000047501 Cldn: claudin 4 [ Source: MGI Symbol ; Acc:MGI: 1313314 ] 3.147 0.03
ENSMUSG . .
00000048458 Inka2 inka box actin regulator 2 [ Source ; MGI Symbol ; Acc; MGI ;1923497 | 2.973 0. 004
ENSMUSG
Prox2 s h 2 ce: MGI 1; Acc: MGI: 1920672 2.862 . 031
00000042320 TOX prospero homeobox 2 [ Source : MGI Symbol ; Acc: MGI: 1920672 ] 86 0.03
ENSMUSG leucine rich repeat containing 17 [ Source: MGI Symbol; Acc: MGI;
00000039883 Lrrel? 1921761] 2.713 0.026
ENSMUSG UDP-Gal; betaGal beta 1, 3-galactosyliransferase, polypeptide 6
B3gall 2. .011
00000050796 3galté [ Source ;: MGI Symbol ; Acc : MGI:2152819 ] 586 0.0
ENSMUSG growth factor receptor bound protein 10 [ Source; MGl Symbol; Acc:
Grb10 2.566 0. 005
00000020176 § MGI:103232]
ENSMUSG coiled-coil domain containing 103 [ Source; MGI Symbol; Acc; MGI;
del 2.372 . 04
00000020930 910319705431 3 0.046
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g(l)\i)sol\g(%i%“ Chetl3 ;Zrl};)gﬁ?ate sulfotransferase 13 [ Source: MGI Symbol; Acc; MGI: 5 357 040
ENSMUSG elongation of very long chain fatty acids ( FEN1/Elo2, SUR4/Elo3,
00000038754 3 yeast)-like 3 [ Source: MGI Symbol; Ace: MG 1195976 2.258 - 045
5&1%5357%85 Trmt12 tRNA methyltransferase 12 [ Source ; MGI Symbol ; Acc; MGI ;1915510 ] 2.226 .016
ENSMUSG Smpds sphingomyelin phosphodiesterase 5 [ Source: MGI Symbol; Acc: MGI: 5 107 ol
00000071724 3709877 ]
(};:(l)\i)sol\(;[g;oﬁso Gamt fg&;;izclzir;(}acetate methyltransferase [ Source; MGI Symbol; Acc: MGI; 2 092 007
(];:(])\i)s()l\(/;g(fl(;ﬂ Hoxc8 homeobox C8 [ Source: MGI Symbol; Acc: MGI: 96198 ] 1.962 037
(};](1)\1)501\(/)[([)}584(}932 Afp alpha fetoprotein [ Source : MGI Symbol ; Acc; MGI ;87951 ] 1.920 1019
(1;3(1)\1)%1\3554273 Clecl1a E}[é}ipfi zlgtétzirigd]omain family 11, member a [ Source: MGI Symbol; Acc: | e o
g(])\i)s()]\élgzsl(;94 Srd5al steroid 5 alpha-reductase 1 [ Source; MGI Symbol ; Acc; MGI ;98400 | 1. 825 .010
5&1%5751(;56 Zp213 zinc finger protein 213 [ Source: MGI Symbol; Acc: MGI:3053094 ] 1.803 .028
E&SOI\(/)I(I)J]SSC;Q Ciird2 SLI;Z;Sgereat domain containing 2 [ Source: MGI Symbol; Acc: MGI: i s
(}i(])\i)sol\(/)[([)j()sgjg Kl1hl10 kelch-like 10 [ Source: MGI Symbol ; Acc: MGI:2181067 ] 1.727 043
(];(J)VOSOI\(/)[:)J:SC] 54 Insml insulinoma-associated 1 [ Source: MGI Symbol ; Acc: MGI ;1859980 ] 1.719 .007
5&1%51356(;69 ekl I;/}((:}r;lbi‘;r;% f;s‘so]ciated ring-CH-type finger 1 [ Source: MGI Symbol; Acc : e o
g(l)\losol\(/)lgos 4(,;500 7p324  zinc finger protein 324 [ Source: MGI Symbol; Acc: MGI; 2444641 1.632 022
g&%%&52%57 Gasl growth arrest specific 1 [ Source ; MGI Symbol ; Acc: MGI ;95655 | 1.628 .010
g(l)\i)SOl\g(l)JzGMé Tetl t]egg;r;e;:}ilcytosine dioxygenase 1 [ Source: MGI Symbol; Acc: MGI: |65 035
5&1%5254(;68 Dkl (;;z;kll:li[;fzzi(f)ljg]signaling pathway inhibitor 1 [ Source ; MGI Symbol ; Acc ; | 624 010
(];:(])\i)s()l\(/;ﬁs;;(m Ntn3 netrin 3 [ Source: MGI Symbol; Acc:MGI: 1341188 ] 1.615 017
(};:(])\i)s()l\(/)[([)j3s3(;174 Mgll monoglyceride lipase [ Source; MGI Symbol ; Acc; MGI; 1346042 ] 1. 608 .031
(];:(l)\i)i)hg([)f;ml Cd248 CD248 antigen, endosialin [ Source: MGI Symbol; Acc: MGI: 1917695 | 1.541 031
5&3%852%94 Cav3 caveolin 3 [ Source; MGI Symbol ; Acc; MGI ;107570 ] 1.532 037
(}i(])\i)gol\(/)[g;(;ﬂ Tfap2h transcription factor AP-2 beta [ Source : MGI Symbol; Acc: MGI: 104672 ] 1.468 .034
3&1%5359%70 Cpad carboxypeptidase A4 [ Source; MGI Symbol ; Acc: MGI; 1919041 ] 1.462 019
(}i(])\i)sol\(/)[g?;SZ(jQz Pthlr parathyroid hormone 1 receptor [ Source : MGI Symbol ; Ace: MGI:97801 ] 1.448 L0025
T s S R o
g(l)\i)b;)l\ggss;‘;gg Chstl2 iz;rzbgoélgjliate sulfotransferase 12 [ Source: MG Symbol; Acc: MGI: | 304 008
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&R2
A, e G 2 R ETBN log, ( FoldChange ) P
ENSMUSG . . .
00000003949 HIf hepatic leukemia factor [ Source; MGI Symbol ; Acc; MGI ;96108 ] 1.358 . 035
ENSMUSG
14a4 oll 1V, alpha 4 e : MGI 1; Ace : MGI ; 104 1. .
00000067158 Col4a: collagen, type IV, alpha 4 [ Source: MGI Symbol ; Acc: MGI ;104687 ] 357 030
ENSMUSG . .
00000048920 Fkrp fukutin related protein [ Source:MGI Symbol; Acc: MGI 2447586 ] 1.319 . 036
ENSMUSG coiled-coil and C2 domain containing 2A [ Source: MGI Symbol; Acc:
Cc2d2 1.299 . 046
00000039765 O MGI:1924487 ]
ENSMUSG IBA57 homolog, iron-sulfur cluster assembly [ Source; MGI Symbol;
Iba57 1.260 . 036
00000049287 B Acc:MGI:3041174]
ENSMUSG - transducin-like enhancer of split 2 [ Source: MGI Symbol; Acc: MGI .
Tle2 1.235 .015
00000034771 104635 ]
ENSMUSG Pdkl pyruvat(i dehydrogenase kinase, isoenzyme 1 [ Source; MGl Symbol; 1216 o1l
00000006494 Acc:MGI:1926119]
ENSMUSG
Fbp2 fi > bisphosphatase 2 e: MGI 1; Acc: MGI:95491 1.21 .01
00000021456 bp ructose bisphosphatase 2 [ Source : MGI Symbol ; Acc: MGI:95491 ] 3 013
ENSMUSG adenylate cyclase activating polypeptide 1 receptor 1 [ Source: MGI
Adcyaplrl X ’ 1. 206 . 028
00000029778 YL Smbol; Ace: MGI; 108449 ]
ENSMUSG DKK3 dickkopf WNT signaling pathway inhibitor 3 [ Source ; MGI Symbol ; Acc ; 1181 019
00000030772 MGI ;1354952 ] ’ ’
ENSMUSG . . S .
00000023328 Ache acetylcholinesterase [ Source : MGI Symbol ; Acc; MGI ;87876 ] 1.148 . 030
ENSMUSG Dinrta? doublesex and mab-3 related transcription factor like family A2 [ Source 1101 042
00000047143 mr MGI Symbol ; Acc: MGI ;2653629 | ’ ’
ENSMUSG . . .
00000025036 Sfxn2 sideroflexin 2 [ Source; MGI Symbol ; Acc: MGI;2137678 ] 1.096 .031
ENSMUSG . mitochondrial fission process 1 [ Source; MGI Symbol; Acc: MGI;
00000004748 Mipl 1916686 ] 1.096 -034
ENSMUSG tubulin-specific chaperone C [ Source: MGI Symbol; Acc: MGI:
Th . 1. 083 .019
00000036430 “ 1919976]
ENSMUSG . .
00000041559 Fmod fibromodulin [ Source : MGI Symbol ; Acc; MGI ;1328364 | 1.071 .021
ENSMUSG Ran] ean2 RAP1 GTPase activating protein 2 [ Source: MGI Symbol; Acc: MGI: 1071 045
00000038807 P 8T 3028623 ' '
ENSMUSG Fome epilepsy, progressive myoclonic epilepsy, type 2 gene alpha [ Source: 1070 032
00000055493 PRE® MGI Symbol; Ace: MGI ;1341085 ' '
ENSMUSG von Willebrand factor A domain containing 1 [ Source: MGI Symbol;
Vwal ’ 1.068 .015
00000042116 Acc:MGI:2179729]
ENSMUSG 3-hydroxy-3-methylglutaryl-Coenzyme A synthase 2 [ Source: MGI
Hmges2 : . ’ 1. 054 .034
00000027875 mees Symbol; Ace: MGT; 101939 ]
ENSMUSG RE2 regulatory factor X, 2 (influences HLA class II expression) [ Source: 1050 o047
00000024206 MGI Symbol ; Acc : MGI ; 106583 ]
ENSMUSG . cysteine-rich secretory protein LCCL domain containing 2 [ Source ; MGI
Crispld2 1.037 .013
00000031825 Hspie Symbol; Acc: MGI; 1926142 ]
N ENSMUSG .
T 00000031722 Hp haptoglobin [ Source : MGI Symbol ; Acc: MGI:96211 ] 1.737 . 043
ENSMUSG
ajor urins i e :MGI Symbol ; Ace: MGI ;3 = 043
00000078672 Mup20 major urinary protein 20 [ Source ; MGI Symbol ; Acc: MGI:3651981 ] 1.703 04
ENSMUSG
Snai2 snail family zinc finger 2 [ Source : MGI Symbol; Acc: MGI: 1096393 ] -1.109 .018

00000022676
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2.3 50 Hz #3 % 5% /5 Neuro2a/APP (695) 2m it £ 7
Fik A8 GO ARG E oM

GO 73 #r 2 ik T I P AR K 5 2 ( Gene Ontology
Consortium ) [T G 57 ) B8 P2, X0k AL AR | D REEA T
B e A3, A4 THT )k A PR K% 2 10 T 7 200 L N P 4y
WA SR E . GO THRETE R i35 Pk W 4 7 2
W I 22 2R B 522 YR g Sk R 2H GO THRERY
TERRG R B LR, l ik Fisher REHAK S0, 75 H1 PG
B W T AR B B Ay 22 S 3R R L D s A Y
HREZIN (P<0.05) . GO BiHfa e ok 3 R3E, 73 il 2
H: W33 #2 (biological process, BP) AHJiEZH 43 ( cellular
component, CC) F143FZ/jHE ( molecular function, MF) ,
2 AHE TRy Al BEAT A AY 3 T RE , i Ak Y 4
MIFREE A 2 5 0 A W2 A o Wik e BR AL Ang
TR AN 22 S RIR R L 3R 1T GO A #ir, o1

Bt S i 7%, Neuro2a/ APP (695) 41l il v 62 Fh |- d 22
FEARIRFEA W e 432 5B 3 GO ThaeE &, Horh i Je
AW EE Rl R 337 25 AHAEAL A 16 25 3T UIRE 79 2K
3 BT oA 25 R GRFE I I Je 275 KW 3 GO Mifg s
£ b KA et AR 260 25 A ZE L 5 2K 4y T
Uihe 10 28, T iR2E IR LR ECH b, K48 GO Ty
REE . £ 3 4 L2 RFRAEHE W M GO T
REE AR &0 50T 10 19 GO F4E 5 B # P (HikA T
HE¥ o A REW], CC 4p2erh FEUE &AL T AN
R R A SE LR, $2 7% 50 Hz 137 5 55 A] RE 23 5% i 4t 22
S PN 5T ) 5 MF 28000 S 3 AR Y R O R 4T S
FE RS IE PE AR B R AL L RS IS M 5 1T BP 42,
At Ry 3 R KA B W AR ) T R AR R 4K
BRAEYEBOIRE, YRR T 50 Hz #3725 5
2240 A QAR AT BB 32 40

#& 3 50 Hz %37 R )5 Neuro2a/APP(695) 4 LA E FRIAEE (7T 10) F RWEZE GO EEE

FH GO %i'5 R B P

Wt f 0016051 carbohydrate biosynthetic process 7 0. 000 021
0030206 chondroitin sulfate biosynthetic process 3 0. 000 034

0006790 sulfur compound metabolic process 8 0. 000 043

0044272 sulfur compound biosynthetic process 5 0. 000 068

0050650 chondroitin sulfate proteoglycan biosynthetic process 3 0. 000 091

0030204 chondroitin sulfate metabolic process 3 0.000 170

0050654 chondroitin sulfate proteoglycan metabolic process 3 0.000 312

0008207 C21-steroid hormone metabolic process 3 0. 000 639

0005975 carbohydrate metabolic process 9 0. 000 667

0006024 glycosaminoglycan biosynthetic process 3 0. 000 890

A LH 5> 0005791 rough endoplasmic reticulum 4 0. 000 849
0005604 basement membrane 4 0.001 044

0031012 extracellular matrix 7 0.003 518

0062023 collagen-containing extracellular matrix 5 0.015 283

0005967 mitochondrial pyruvate dehydrogenase complex 1 0.023 829

0098556 cytoplasmic side of rough endoplasmic reticulum membrane 1 0.023 829

0005587 collagen type IV trimer 1 0.027 746

0098642 network-forming collagen trimer 1 0.027 746

0098645 collagen network 1 0.027 746

0098651 basement membrane collagen trimer 1 0.027 746

S FIEE 0047756 chondroitin 4-sulfotransferase activity 2 0. 000 048
0034481 chondroitin sulfotransferase activity 2 0.000 158

0019203 carbohydrate phosphatase activity 2 0.001 023

0039706 co-receptor binding 2 0.001 023

0048019 receptor antagonist activity 2 0.001 840

0030731 guanidinoacetate N-methyltransferase activity 1 0.004 011

0047220 galactosylxylosylprotein 3-beta-galactosyltransferase activity 1 0.004 011

0102522 tRNA 4-demethylwyosine alpha-amino-alpha-carboxypropyltransferase activity 1 0.004 011

0042802 identical protein binding 17 0.004 570

0000981 DNA-binding transcription factor activity, RNA polymerase Il-specific 12 0.005 144
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2.4 50 Hz #:3% 2 % J5 5T Neuro2a/APP (695) 2 i, £
F# ik 3 W 44 KEGG 3@ %547

SARIE AN KEGG 2% F 3 I IF o 1 4504 12 2
— BT KEGG i@ B WA g B PRt — 2 T i 22 74
TRBERIZE A PR N AR B BIJR AT ol A 2 D RE A DL
KEGG 3 % &5 824012 LA KEGG 38 % Jfr , LS 4k
K4 R 75 5%, 8 Fisher REBARZI0R AT THA25 138
25 PRI B AL I S AT, NI 32 31 4 2
SR P E R R FE S5 Faste . B 3 Rtk iRl
I 2 S A AN M 1 2 57 R DR 8 4R B 35 1 20 2l
ZcH L 2 AN R 25 55 3R S5 DR 3 A 6 B 5% 2 A
Hippo {553 %, HoAx 18 A2 bR 0 22 3 3Rk JE R
B AR R E W & - R R/ R R R E
JEI AL AR A H A O- SRR A %

3 Wig

3.1 AD 89 m 3 454 5 IR

P R S LA A SN R0 B Ak P B 4 Bk Bk A SE
ARG E R, FEE MR E A &2
B E R, BEE N SRR BEAS W , A R hs 2 4F
NBCR AR IGE K BT 60 % K&V EER SR
204 1507 T3, it 3] 2030 4%, Hp [ 28 AR R AN EOR
IAE] 2 220 J7, 5 2050 4F45 ik F) 2 898 77, AD &

— PP RGN , RUEATE &R, & S HET I T
DIReATE 5 3240, o At U R A A ] i 60% ~80% ,
S RA T 4 600 7N A X R, AD [4HE
PP B 2 Bl A g R Bz SR o 420 2 L N e 28 i 4 4 2
45 A AN K R S AR BT R K iR R 540 i
B-TEMTEE R T UURB A N AD 1 &L 2 —, T
U D R TR R MR A AT S B i
P AR R FE 2 TR S T T, 2019 4R, 23R
F TR 2 AN 1.3 JTAZ26TT, B3] 2030 4¢,
XA E 17 e FETE AN AD KA R
JERIPLHITR B X ER . AU SR ELF-MF 28 A
AN AT SR 2 ST S AT g, 3 AT REZARHE AD %24
B fE R R H— H BT R RS0 B BT S S
3.2 ELF-MF 33 x5 K B &L 09 %R

ELF-MF £33 )32 (9 4 W02 VE T, 9545 7T Rl ik
SR PR 2 105 3 T 58 W0 240 JHL 20041 T 72 £ 45 e g, K
LG W] ELF-MF 5288 76 400 . sh i i A 26 2o
SRR AR T AT A AR 2 O T 5 T
SRS, AR ES( ZReEMIR T 41 i) 43l
BRI ES 5P P2 R A A0 7E 2% 5% T ELF B g 3%
AT bel-2 F1 bax #y mRNA /K 2 56 bk 4
A 3o R R AR ELF-MF 48 530/ B 2F
2k 0 ) 7 3 AL B0 A A B B L 0 B LA L

KEGG & 4Eillli (11120)

FERREE A R -RERKE R/ HER B R
EE FUHARE
HERE-BEEMAR

TR BRI
FEREBRMEE A B BT R AR EL AT R
TERAC

BERABRE A

Hippo {5SifH

HEALBARE

TFBERABRE A AL

Wnt {5SiERE

REEFIE B

HER, LRRANA RS
FMESE

SRR SRR

HER . RERANFRERER
BERA4BRE AR ARBTS

Hedgehog 152k

Notch {55

BERABAI A

ERKE
. 10
@ 15
@ 20
@ 2
@ 30

BEERAT

0.05

logio(p.value)

B 3 50 Hz #3752 ZE 5%t Neuro2a/APP(695) ZHf = B RiZEFH KEGG SFER
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MAPK12 AGTR2 fIl VEGF RN FXELELE R, &
WF5EX} 50 Hz 5375 5% J5 1) Neuro2a/APP (695 ) 4 i/
7 mRNA PP o3 A, LA 2 141 Fhog P 22 5 3R 0k
FED, Horb 129 Bk B 12 FhRak N B AR
PBEIR AR 72 A AL N SR T TS AD AR AL, B
ARV B R AL E T B A BOR IR I B9 AD. Ribpl
(retinaldehyde binding protein 1) % 1A fy 5 3& 554 85 3¢
IBAEAREAH G, BFFE R BLH T AD &A1Y 4-F2 4E-2-F
J T (4-Hydroxy-2-nonenal , HNE ) A 5 |2 55 i 540 o 5
FaZSHI 54/ Rlbpl HE PRk BV . ABF5E & B,
50 Hz 53 5§ J5 Neuro2a/APP (695) ZH i N Ribpl
mRNA 35 B 1#0[ log,( FoldChange ) = 4. 240, H P<
0.05], 427 50 Hz W37 585 n] RE 2 A 4 T A0 22 21 1
XA N BECR . Grb10 ( growth factor receptor bound
protein 10) A Ay w] LA B & 2815 5 56 5, i i e
B R (E S S 2 2B AD B AR RERE S
AW R B INGAT RO T 7% Grbl0 2RIk,
AT 125 ]2 > iR A Wi ™ o ARBFFE % 3,50 Ha
Wit #2825 (1.0 mT,4 h/d,3 d) Neuro2a/APP (695) ZH
Mipy Grb10 mRNA 235 B B 3801 [ log, ( FoldChange ) =
2.566, H P<0.05],#&/% 50 Hz @37 5 5% nl fe 2
MR Y R B R 15 5 iR 12, Gasl (growth arrest
specific 1) J&—PMZ 5P MERG KB HERH PR
WEW] Gasl FE3E AT APP Ay 230 BE 5L Ak, 5 2040 i
APP 51z, 18/ AR 17 A, R — R & I 45
APP JEHIIN T3l AR APP 455%™ . RFR A
I ,50 Hz #3578 )5 Neuro2a/APP (695) i i N Gasl
mRNA =35 B #0[ log,( FoldChange ) = 1. 628 , H P<
0.05] 42/~ 50 Hz 137 % 8% AT e 2= 40l AR 19774
Tet1 ( tet methyleytosine dioxygenase 1) 5 DNA H 3Afk/
ZHIEALAHSE, AD 5 DNA HUIEALFIZH 2 H S kA
A BUEA o BFFERI, e RHET AD FI i AD &
H15 O F ¥ D 3% K 18] ( hippocampus/ parahippocampal
gyrus, HPG) 1 Tetl /K5 3 Tk ™ o ABF5E & B,
50 Hz 1% 37 %% 8% J5 Neuro2a/APP (695) 4H iy N Tetl
mRNA =358 B3 0[ log,( FoldChange ) = 1. 625, H P<
0.05], 42/~ 50 Hz 537 525 0] e T3¢ Neuro2a/APP
(695) 1) DNA H EAk it #2 . Mgll ( monoglyceride lipase )
ST PR G, BB N IR IE KRR 24628 MG B T
M (2-AG) A= BUABAE PUMRTR (ARA) , & AD Zeph 2R 17
PESIR T TEFE Ao BEAEDFSE & I Mgll 7E 3xTg-AD
AN RR R80T AR g T A R EEL T
ZERCHZ, ST AD (B RN A R

AWFFE R, 50 Hz #5375 72 )5 Neuro2a/ APP (695) 4
Ly Mgll mRNA 235 B 2 59901 [ log, ( FoldChange ) =
1.608, HP<0.05], 4275 50 Hz {37 % #% vl fe 2 10
i APP ARG AR B AR AR &k A TR . LTk
JEGRTRTE (ACHE ) J& fi 28 326 JiT < Tk AE B /K ik il 1 5
R, 2 R 22 B0 IR B TR I B 2R I R Y
9L R AD i AR HURT APPsw e B B /)N BB
LGP Z L ARBR A FE T G A Sk
W], 50 Haz MR AT i 4 6 5F 7T 5 | 2 Tk I i 7 Il 1
PERRUR 6™ o ABEIE R B, 50 Ha i3 54 83 5
Neuro2a/APP (695) 4HJii )Nl Ache mRNA &3k B &g #40
[ log,( FoldChange) = 1. 148, H P<0.05], £/~ 50 Hz
137 %% @5 Al fig 2 N H# Neuro2a/ APP (695 ) 4 Jifd JIH ik fiE
MR RERIZ L. Raplgap2 (RAP1 GTPase activating
protein 2) 4y GTP BT 4 1, v] 0 & I he -1 1
FR454 81 Rapl, A B A I 48 h 1 800 MHz iff 4
HLRERR S PT 3G I Rap L GAP (8 3k, X ph o 4=
KA AR > ABF5E & B, 50 Hz #3588 5
Neuro2a/APP (695) 41l j Raplgap2 mRNA ik 14
[ log,( FoldChange) = 1. 071, H P<0.05], %/~ 50 Hz
7 %% i Al RE 2 I ] Neuro2a/ APP (695 ) 4 Jitd Fr) il 5
H: K, Hmges2 ( 3-hydroxy-3-methylglutaryl-Coenzyme A
synthase 2) J& — B 2 b 14 i, A BF 50 & B % 5k
Hmges2 1Y) HT22 (/NI SH A 22) 0L APP /K- 25
FEAI%, W] Hmges2 1E35YT AD J7 LA METERME ™
AT I, 50 Hz #4377 52 )5 Neuro2a/APP (695) 4
H PN Hmges2 mRNA 3 35 #5411 [ log, ( FoldChange ) =
1.054, H P<0.05] 4%/~ 50 Hz 74375 5 0] g 2 M
Neuro2a/APP (695) ZHi A APP i,

3.3 ELF-MF %5 AD &9 % %

WS KEGG 45 5 1 75 22 57 B PR 96 S i) 3 i 41
TENE I R A 5 - R AR 2R IR R R
AR SRAEAH R A R A Il R A R
AN R A A 9 6 B, Wint {5538 B R Noteh £
S, AT B J2 Noteh {5518 L & F 1 22 7
FORFEN W KA 2 GO Thfg s SRtz —. A W5
B BRI T IR IR KRR R R -4-I R R AR
WAL R R 2R G SR MR IR R 0 0 25 (2 1 B e M A
EAFALERIE(3 d 53T 2 4564 ) , 28] 50 Hz
Wi R BRI B IEARE R (AR E Y BRI iR
& A B AR R ) £ 2R, J5 22
— T3 g AR A AR B o A e S R AR i
My 15 AD MR A M 0 53 4 JOHNSON
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SRR R I, KR P SRR oL e 4 58K AD,
Wnt {5530 #2 — A PR <F 1945 S L 76240 i 3
e HARE SR & R R B i B R AR E AR,
HHZ 5 E 2R re BILE . Wit 5558 8%
TIRERERSS AD £75C, Wnt {5 18 8% A B M i 17 AD
B & J#&, Dickkopf #3585 H 1 (Dickkopf-1,Dkk1) f2&—
T3 WA RUBEEE 1, & Wt/ B-catenin {5538 i (14 A JEE
PPN ¥, Dkkl 1Y 5 & 558 23 o028 28 LY Wnt/B-
catenin {55518 % HOAF SG AR RIS PRI 23, R v s
FKOF- DRKT 288 i1 AD (9 KU, Dickkopf 416
# H (Dickkopf-3,3Dkk3) J& Wnt {5538 B #9174 , 1E
AD /NP, DRK3 i 5 BRI IR0 T 5~ e Az
SE SNSRI TIEREE U RUURR, IRk 1A
WS B 0 A B 5 & B, S0 Hz Wk % B 7R R
Neuro2a/APP (695) 4 ffi ) Dkk1 F1 Dkk3 mRNA ik
A 42 3% Jii1 [ Dkk1: log, ( FoldChange ) = 1. 624, Dkk3;
log,( FoldChange)= 1. 181, H P<0.05], #&/~ 50 Hz %
Y78 A RERZ I Wt {55 3@ . Notch {553 B2/
AN A AN A AR 22 1] B e Al ) AR S E g . —,
57 ZH LA R AL JE T SEFE RN, S TR K
BRI S PST Al APP B 7E Notch 5514 S48 b
EEEEM S, RGOSR R LR B
At _E R Zfhx4 [ log,( FoldChange )= 3. 665, . P<0.05] ,
ATREZ 5 T Notch {5 Sl . 55 —WHF TN N
1FBE WO Notch {55 7T FEAIR Snai2 19 K35, 1M KA
Snai2 B B 40 H ( myoepithelial cell, ME) (147 4 7
AESZ Noteh {5 S # ™ . BR T Notch {553 B , Snai2
5 Wnt {55l g WA K, A DFFTIN T Snai2 JEHi Wnt
fEo B FRBH, BHET Wt {552 F 5 Snai2 Kk
b ARHFFE R, 50 Hz 94377 #2 )5 Neuro2a/APP (695)
A PN Snai2 mRNA 35 ik F % [ log, ( FoldChange ) =
~1.109, H. P<0. 05] , 321 50 Hz 17 52 52 7] RE 5% 0
Notch 1 Wnt {55, AD £ % F &4 A, E I —15
FEXF AR NI A, 5 (@ R AR I AH LG, AD AR
5 v A U B U TR R AR e A X
N L A 23 B S 3, e 2 R I e £ T
FIRE 5 BT R P B AR OC . R X APP 4R34 AH OC il
FNBATJR PR R 5 | RS 1) P 28 RAREAFAE A TS50, A
WFFERI T B-1 B A A 1 450 13 4 A 28 ST A 40 J A Sy 4
FRREAY GER] T2 P IR APP AR B-TE kA
MG DR FME RGOS I B-IEMFE R B TR
X ZECREAN AR 05 o R AR IS R A B e
B S ARARI AL G Z TR Y G 2R L B T LA BT g%, AR BIESE

I R BB 9 0 g G U I HE K, TR 9 19 38 % Hippo
o LI R A I e S S T A A AP L O
Neuro2a/APP (695 ) A Mt A 45 VR o

ASHIR G0 I X B AR FL R 55 J 1Y) Neuro2a/APP
(695) 2 BEA 7 5% S 4 2 5, i oo A 1 AR ARt v
A S5 ] REE FUF) A ) 2 T RE R TR, Ay ik — 25 O AL
TP TR MK o (HAS S 5 S8 A XA Kl
FEEAHSCHE A #E AT qPCR ik, X2 AT 2o A
SRS kB 0BT B RE D I 2 A S I T 5 A Al
e, Dy NIRRT R I BT g SR 114 52 A BIL ] 482 1
By, Bl /R 2 T BRI IR T FT T Bt

SE Lk
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