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Screening of menopausal age-related differential methylation sites and its association with depression NIU
Zheng, LU Sha, ZHANG Zhifen.Department of Gynecology, Affiliated Hangzhou First People’s Hospital , Zhengjiang Uni—
versity School of Medicine , Hangzhou 310006, China.

[Abstract] Objective To screen the menopausal age-related differential methylation sites by the gene methylation
chip technology ,and analyze the function of differentially methylated genes that may be associated with menopausal age—
related depression. Methods The methylation 450K chip was used for methylation analysis of human adipose tissue ge—
nomic DNA in early menopause and late menopause, and abnormal methylation sites were screened out, and hypermethyl-
ation and low methylation sites were distinguished by the difference of methylation § value.The further bioinformatics
analysis of depression—related differential methylation sites was carried out. Results A total of 415 methylation sites
with significant differences between early and late menopause groups were detected, including 169 hypermethylated sites
and 246 hypomethylation sites.Among the top 40 genes with significant differences, 11 differential sites were on chromo—
some 6, 10 differential sites on chromosome 1, and 7 differential sites on chromosome 11.The GO and KEGG analysis
showed that 3 significant hypermethylation genes (BDNF, CACNA1C,and ARHGEF10) may be related to DNA binding,
transeription factor activity, and signal transduction pathways.The protein network structure diagram showed that BDNF

were involved in nerve growth, nutrition, regulation of cell proliferation and apoptosis. ARHGEF10 interacted with ubiqui-

tin-specific peptidase 1 (USP1) to activate the

DOI:10.13558/j.cnki.issn1672-3686.2020.009.004
deubiquitin activity of USP1.CACNA1C were mainly
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involved in the biological processes of muscle con—
traction, hormone or neurotransmitter release, gene

expression, cell movement, cell division and cell
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death. Conclusion A large number of differentially methylated sites exist in the early and late menopause groups.Among

them, abnormal methylation of BDNF, ARHGEF10 and CACNAIC may be related to the menopausal age-related depres—

sion, whose main functions may be related to DNA binding, transcription factor activity, and signal transduction pathways.

Gene chip technology can be used for the preliminary screening of depression—related differential methylation sites, and it

is need to further verify that the construction of depression differential methylation profiles can be as the clinical molecular

markers.

[Key words] DNA methylation; menopausal age; depression

Y 28 BAR VAR OL T, A 2 AR 2=
D12 A UL 2R H A R WL A i RS
WMRES BARGS BRI RETBE
A PR R Al AR 1 B B84k, O HL DNA F LA
WA BN A 2 R A S Y (B2 —A
BB R Y RIS, 4 PR ZH 7K P22 1l e S P
B RIWTFE I AL TARRI B, AT IUR AR
Jiij 20 2, $2& B L (A 20 DNA, & A Hlumina Human
Methylation 450K F JE Akt i 126 57 4 2 TG 4 25
2P a) A R Al 22 S5 B I A BE AL [] e e SR A
XF R RE 28 ZE AR AH O RO DU AR AR SC Y 37> FH Ak
LB, G045 Bl 5 ph 2275 7% [ F (brain derived neu-
rotrophic factor, BDNF) | #5 & i il (1) a1C M. FA37
FE£ A (calcium voltage —gated channel subunit alphal
C, CACNAIC) LL K Rho 1 I W 4% 4 i 52 #e 9 1
(Rho guanine nucleotide exchange factor 10, ARH-
GEF10)" AT A8
1 #MR57EE
L1 — %Ok BEPLIEEHL 2017 4F 6 A 2 2019 4F
2L THLR A B B B A 28 — N R R
B IR 6 A e S, A 4R (57.86% 5.60) %,
e da 2, Y RS2 , 45 L9 249 . 5
BV 40, AR, TR E AR
SR AHRE R R 5 JCHR 7 sy o
12 ik ARIRBESEH 4 2 AR <485 4 Ny L 4t
U, =528 WM, 4% 3 0. PHAITETF RIS
A BURIT LU 07 9293 ~ 5 ¢, A7 T80 C
UKAEAE o SR HT DNA 2000 & (2 [ Qiagen 24
AR ) BREUIR I 414U h DNA, 705 alifb 5 I ig i
HZUDNA . -80°CARA7 4 . DNA FHEAL/KP-%
A Mllumina Human Methylation 450 K Beadchip ith i
(H1 22 [ Mumina 23 7 A7) kI, B 55 999% 2%
FFANFER Y 450 0004 CpG 5. K54 pl S AR ER
FeAL R DNA LS 55085 AT 458 , B IR
ARSI R o B R IR B ek R R

minfi AT AL BE, SR 5 B R A4 IMA AL
TEAE A 73 20 [A) 19 F A 057 i 0 HP A DX B ) 22
o BT TER o3 O VU AL < Bl R UL
BB AR 2 S L o0 BT DA R 22 S R A X s )
15 LAIABI=>0.20 1 Ay [ B A Ui 126 Y B Ak 22 S5 07

iz FH GO £ J& (www.geneontology.org ) B 5K
B8 7 32 ) 22 S Y R A 57 500 07 A i A e B )
GO B di e iy &> 45 H b, 34T GO T RB T #E  1H0R.
e S5 3] 2% 2% E 00 B DRER, R DB LR o3 A T334 2
PAE . #R)5 I H KEGG (kyoto encyclopedia of genes
and genomes ) ECHE I, K 22 5 T BR AR DA A it S
FI3E B 4> o 3l i STRING Interaction Network
(http://version10.5.string—db.org ) 43 H7 1H & 55 B 4k,
(1) 34~ 5L X (BDNF . ARHGEF10 & CACNALC) % %
T REA EAE TR M 28 25 14
2 HR
2.1 WEALE R e ROE B, A 22 20 5 W o 22
H A PENR DT ZH S MR O 18 H 415122 S F R Al
P A, P AT 1694 Dy sy B B AR R R i, 53 4
2461 AR AL 5. TERT 40 03722 5 B 1 B ]
L6 S g O 11 22 A0 L 15 P O AT
10122 AR, 11 S Qe AR 74 22 A7 a5 o
T2 25 20 5 W e 22 2 )R W 2 2 b I 2 AR K P
ZESHRT 20 R AR AR I 1.

F1 Byl 542 A N8N 2T 206
BT 22 55 W Sl A BE TR A7

, " . IR AL TIE
BRI A UCSC %l e Wk /G AB
CAMTA1 NM_015215 1 ik 0.89
MRGPRX2 NM_054030 1 fEE 076
SCD NM_005063 10 IFEHE 0.76
TAP2 NM_000544 6 ikt 0.67
LOC391322  NM_001144931 22 B 067
ASAP1 NM_018482 8 ik 0.62




2REFIRKESEE 202049 A 5 18 %5 9 W Clinical Education of General Practice Sep.2020, Vol. 18, No.9 783 -

gk R BELUHSREZANRINIHLET 2007
P AP 22 55 W S PO LR A7 1

XIRL TR

LRI 4 UCSC Hit A Wik /b AB
GSTT1 NM_000853 22 fagE 0.62
BDNF NM_170731 11 0.62
ARHGEF10 NM_014629 8tk 0.50
CACNA1C NM_001129844 12 IFHE 0.49
FHADI NM_052929 1 ik -0.86
COLAA2 NM_001846 13 IEfE -0.86
DNAJC15 NM_013238 13 IFdE -0.68
SIGLEC14 NM_001098612 19 fEE -0.67
MEPE NM_020203 4 figE  -0.64
PRDM16 NM_022114 1 IEfE -0.49
LCLATI1 NM_182551 2 sk -049
PSORS1C1 NM_014068 6  fff  -0.49
LAMBI NM_002291 7 gk -048
SNPH NM_014723 20  fakkE -048

2.2 BDNF,ARHGEF10 }2 CACNA1C =% [H GO
FKEGG 15 518 44 WL 3 2

H %% 2 a] I, BDNF H A7 2E K K 7% 14 , ARH-
GEF10 7] AZE A IR ,CACNAICZ 5 AV 25411
6 B M A T R )R TR T RE D
BDNF AJ i i A AEii 3 MAPK 5 S8 8% . RAS {55
1 B 25 5, ARHGEF10 3 1 Slit {5 538 4 , CAC-
NA1CH IR R TR T A BRI AR
2.3 i1 STRING Interaction Networ 437 1H & /& B
H ALY 343 K (BDNF, ARHGEF10 & CACNA1C)
St B AT REAH EAE FH AR 1 I 28 250 ]

BDNF FEAEHEAA ANEEKEHEA 3 M
LB TRV B AR B Z R 1 e KNPk 24
FLFIE LR I 9 45, B S A K VB SR
P A R S AN R T AE T e . ARHGEF10 E224F
FHAE 2 WDR4S, i 8 11 512 R 47 7 P K 1 (re-
combinant ubiquitin specific peptidase 1, USP1)#HH.
YR, W USP1 ) iz RiGME. CACNALCYEHIR
FIA 5 B Tl 18 1Y o D 7B R 45 8 1l 8 1Y
ol PP FE R 20 A E AR 1 2 i E 2k 2
K2 A SR ARG 1A %, FES 5ILR IS .
PR S 23 R JE R Rk ARz By Ay
SARAMAET - S i 7

%2 BDNF.ARHGEF10 & CACNA1C3EHE GO 437 K KEGG {55 I8 b7

HH ST A F R Sy 7t GO 4L 53 /Mt 15l

BDNF 1E 191 9875 BDNF Z K {55342 (GO: B K B F 16 M (GO: #ki(G0:0016607) ; MAPK {553 5 ;
0031550) ; BDNF ZZ {& {5 =¥ 2 (GO: 0008083) ZBRiAK (G0:0005739) 5 Ras {553/ 1% ;
0031547) 5 1E ] 14 45 25 i 2 R AL 4 (G0:0044456) GPCR {5518 % 5
il 16 P (G0:1903997) 5 M 25 K 32 14 ERK 55l

=25 4%(G0:0038180) ; i E 5 2
TRK Z 15538 % (G0:0048011)

ARHGEF10 1E [a] 8 45 N 1 £F 4k 4] 2% (GO: 458 W3l A (GO: fEEAZHING0:0005815); 1835 RhoA & 4 ; Slit

0051496) ; ¥ 3% GTP W 1% 1 (GO: 0051496)
0090630)

LKL (GO:0005813) 15 5 3 B% ; NgR —p75
(NTR) /™ 5 1) {5 5 38
s TIRGESRE,

Rho GDI i£42

CACNAIC  FEEHAL(GO:0098912) ;555 Filat S5 AVAEMMESE LAH KIS EF@EEE OULE S g

R T8 W O BB R 2 (GO F il TE 1 (GO BHI(G0:1990454)
0061577) ; A MEAMBA FHIES R GE 0086056);=5E TH5E 7 4% (G0:0030018) ;
(G0:0035585) ; IE M 4T AR FFIRFF AL 38 7% (GO: 0008331) 5 #%JE i (G0:0043204)
545510 & 1 (GO iR (G0:0097060)

fiRE P (G0:0045762)
0005516)

RAF T IRAR  EE R
SR W 5 B R UEBR K
EE ] iAW




- 784 - SREFIERSHE 2020459 A 55 18555 9] Clinical Education of General Practice  Sep.2020, Vol. 18, No.9
3 itig ST= IS I AN <= AN S 2| P A L N RS ER RN

TR AL AT A 2 )& DNA H 384k, g2
6 CpG & I BARIRZS A 02 , 76 A2 A A i 0
143 2 DNA F AR /K38 g | T e AT e 4 3k
[KIZH DNA H ALK T B, SR FUIs (& B 7E
AN B el Y, O R
533 28 B A S I 4 2 AR R R s — Sl
TR S Ak 22 57

AR 52K FH Nlumina 23 7] 450K H A REER O
ek (ORI PN S S R AR R TR
55, AR SR AR R 2 5 3l R RS . AR
WIFFE IS 25 AT A IR, R 2 5 W A 2 Lo PR )
LA 1 415725 57 H AL BRI A A5, e A 1694~
h v YRR 5, Y3 A1 2460 AR TR AR A5, W 2H
[ 22 AR R AR 05 5 B AR, S o B
FEPZH R Alu F1 LINE-1 55 551 BT H 3£ ALK F
Bl % 08 /D el A A SR TS R
DNA K 34k, SR 1) 5 2 4 5 P 07 0t 0 v Y 3
19, FERT40 (22 I 6 5 (1 S/ 115
Jetafhaz AT B F 5 25 5 H O s AT
PETEAAE DY 5370 fe i UL o 6 Lo PR AR R G 1 e 3L
R 2T D A 25 S e L DR A 22 v o7
BARTHAE 15 35/ 115K 17, Wang SF87E
WFFE I 42 A0 o AR RR Xk HR A1 ] iy 6 PR H S fh 22
ST, R IR AL SR B AR A 111 17 5 G ek
b, Horp B AR A A eg13060970., ¢g02861056.
cg21495704 ,cg16643542 . cg19081101 5 M1 4: 7R 25
PIFOG, XSS R R a2 R R 2 044k
I & HE T BEAEAE— LA R 20 FAILH

AR ST T oM T Horp 3 RS AR E
HIAH A = F S AL LR, 4245 BDNF LARHGEF10 %
CACNAILC, @i AEE B0t EI eI 6ey
B2 A B AR R B 2R3 TR R 2
BRI TS A Y F R . 285 XA, BDNF &
5 — ZR B0 B3 B R RO PR i 1 BOR i . B
T, A HEFEIA A BDNF F LAk AR RS b & 4=
FHOCER , A T RERC A HAZ2 Wik 54" . ARHGEF10
T 8 SY AR X IX AT BE S M As
V], AFEAMARREAR SE . CACNALC i AL 5 [ 5%
i ] RURH 15 JER B A S IR E A 5% . H T, BDNF
ARHGEF10 % CACNA1C I 340 5 5 Lot 2245
4R 5 1) 5 BERIT AT 1) SCIBEAIE 5% 308 A UL 16 240 114 412

BDNF . ARHGEF10 % CACNA1C B Sefb 2 7 54 1
Y AP, TRt — R L 5 4 2 AR A Y
FETEAIAR Y OC R AT I AL EE

L L RTR BRI ZUh Y 25 W 2 22 L AFAE
Ko 22 55 W A A7 g8, Horh BDNF L ARHGEF10
CACNAIC W BAb 55 AT Lo M4 28 AT i AH A
A8 56, ENTM FZIIRE T HE S DNA 454 kA
T G S Rl B A G, PSS BT
TANABAH S H Ak 22 5 H BEAR AL A3 A0, (E A
45 1 s 22 5 W AR TSR A I IR o A ic AT
it —L Ik,

Sk
1 Han KM, Choi S,Kim A,et al.The effects of 5-HTTLPR

and BDNF Val66Met polymorphisms on neurostructural
changes in major depressive disorder[]]. Psychiatry Res
Neuroimaging,2018,273(1): 25-34.

2  Dima D, Jogia J, Collier D, et al.Schizophrenia related
variants in CACNA1C also confer risk of autism [J].JA-
MA Psychiatry,2013,70(12):1303-1311.

3 Lu DH, Liao HM, Chen CH, et al.Impairment of social
behaviors in ARHGEF10 knockout mice [J].Mol Autism,
2018,9(11):234-248.

4 Benayoun BA,Pollina EA,Brunet A.Epigenetic regulation
of ageing: linking environmental inputs to genomic sta-
bility[J].Nat Rev Mol Cell Biol,2015,16(10):593-610.

5 Lu S,Xu F,Hu W,et al.SCD1 methylation in subcutane-
ous adipose tissue associated with menopausal age[J].Cli-
macteric,2019,19(3):1-8.

6 Jones MJ, Goodman SJ, Kobor MS.DNA methylation and
healthy human aging[J].Aging Cell,2015,14(6):924-932.

7 Bell JT, Tsai PC, Yang TP, et al. Epigenome—wide scans
identify differentially methylated regions for age and age—
related phenotypes in a healthy ageing population[J]. PLoS
Genet,2012,8(4): €1002629.

8 Wang C,Chen L,Yang Y, et al.ldentification of potential
blood biomarkers for Parkinson’s disease by gene ex-
pression and DNA methylation data integration analysis
[J].Clinical Epigenetics,2019,11 (1):24.

9 Zheleznyakova GY,Cao H,Schisth HB.BDNF DNA meth-
ylation changes as a biomarker of psychiatric disorders:
literature review and open access database analysis[J].Be-
hav Brain Funect,2016,12(1):17.

(KR H# 2020-05-14)
(AR SCombe 240



