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Progress of epigenetic research in the field of brain development
— A review of literature within the past 30 years for understanding of
neurodevelopment and mental development —
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Abstract

Epigenetics is an important gene regulation mechanism that ensures normal fatal development. However,
several lines of evidence suggested that epigenetic regulation can be altered by various environmental stresses
during childhood which eventually changes individual constitution and personality. This indicates that epigenetic
findings are possibly biological evidence for child care. Therefore, I searched medical literature in epigenetic
research in the field of child neurological and mental development in order to obtain useful knowledges for
child care. As a result, I found that epigenetics acted as a receptor of one’s body and mind against environmental
stresses, a mechanism how the brain architecture is altered by child abuse, and a system to preserved the nature
established in infancy during all one’s life long. Taken together, epigenetics will be a biological research field that
offers strong scientific evidence for current child care, which includes the establishment of appropriate eating
habits in early period of life and the less-stressed environment to the children with neurodevelopmental disorders.

Key words
Epigenetics, neurodevelopment, mental development, nurturing practice, abuse

IEC®»IC I x4 T4 7 AL VI AR EBEAFY ROLY ¥

19904EACIC b M EIET- ODNA% &% Mg+ s M7/ A NT RKEFOWaddingtontit: 12 & » THA S84 %0 53
Frm 2SR OWFE T b, ZORIEIBLE2TTTHL S Tholzo WP LB TEXZBRTE T ST M E
SN ENT, FOHBRID2HOBEMETIE. ST AN, COREBRBEEZEETFIHELTVwD L)l r
T W DO TR LEAREICLERITCHWTW2 IV ATA VAL IARY FZE2TIOBEETDI B
S EDDD o Tze B ZATIND TN W A A T VU L ENEDRH], COERBETHAREHONLOTHTTHE
OHTHL L Vo e AETH Do Z ORET itfm - OALH NTBY, ZoORBEMHA, #IE T OON/OFFOALAL A D
AEIEI 23T 47 ALIPATHS, Z LTI OMAICE FEMAS19904EA LR 4 H E TO30EHMThhr->TE A (K1),
AT D EISEREMINICORDD T BHE. Do TE CNEHFETHZ S L, DNARS L W) HHED LT + VT v
7Y VERET ) HEOBBRE P IE Y AT 4 ZATHY, &

* MR AR A BEHORTT7ERE - Hdz



NN EPS

GEEMHREFESHK
(MeCP2%3:&)

“?;234 wFMOFF

BEEMHILEF

i
STE : AF ARSI
ERb B 0E A% &

K1 IEDPIRTAVIBRBEFODANYFAHZXL
DNALIT{EFER D TEE N5 CEEIHI 2 > /N BINEE
L CDNALEA CTRAEIC 5 W B FHOFF & 52,

FOPBREDLEE D ITRERETREEZRETL20I1E, 7/ A
(DNAREH) &7 20EH 5L EHEEOLENEDLDH
TEbbhoTERY,

IUEY AT 47 AGFE, SEFSERNRDOA ML ATE
fLL. BOBET2ONS»HLOFFIZE > TLE) XL I EMN
IRENTZ, SRDOA ML R LB ZZNPMORERFTHL (X
2)V MIZREC oIV 2 AT A4 2 AN D DIHOH
## (OFFIZ % » TV /2BDNF# T 2 ONIC R /EH) ) %
Y3 URER, BAKSDO A T F VIZON/OFFOMRA & 7%
5 DNALZ A6 % IR RO TEH 2 5 2 & I L 727,

Dlomnnrs, TEY AT 4 7 Ak, DRGSR 558
M2 S IREERBESCHE RS2 2 5 L THRELRAY PN
ETF U AT 2 MEEOD M L EZ DN D, FHEE
1004E LA LRTC, FREHEBFOMESbITWILA ) 7TORIKE
EBYTF v V=E [HRORRD72DIZIF RS L v ) B
BER X I, DHEDOIIIRHEN RMEEBLETH b,
DEBTH7201I03E LeBHK. LBTRERLZTTIEA
Tachl, BEERLLTFED OREICHEY) 2 WINETE L
ANBREZHAS 2L T2tz s v ERFICBY
DRFEMIE TV AOBBEICE R LY, [F L oMmme
EBRBIC X > TRMMEE NS ). [FED DRI TTEE
TLCHALZBITTRAELZDOTH L], [TEbomitizs

BIEARLR

L&

ON OFF

M2 REAMLVAICKDEGFORIYFVT

RIBCEMELRVERA N LADNIDS & B HBOEETF
IEFONDSOFFIC/E Y . TDEENMET T B,

FELOWDIEIHET LYY = 2T 4 7 AWF%E

NS HTEEDORRITTEMIN TV AEGOMY W TH
5] Lo FERELTWE 20X T ELDERHE
GH L. ¥V 2 AT A 7 AR TH SN AR THMAT
xprtEzbh5n?,

PLEZEE 2, REo BIIE, T8 03EICHED 5 EdA
HWHEOHHNRLE Y 2 AT 4 7 ATEZ T THHWTEE2LZHS
MPTHIETH b

BARMIZIZ, FLDOMOTEMRIIE [BIzFIC7T0r T
L ENTMRFEEONIEEF ] & THHEH SRR T
TERBECTELT 2RMTEOIMEN TR ] OWHEIHL I &%
SEZ [EETFICTUT T AENTMRSE] ICBRT A5
LT AZ A HMICTMREIEEZ] 2 F— T —FICLAE Y x
AT 4 7 AWML R HER L S 5T [HBIC X 2o 5:E2 1]
WCBIRS 2R e it g 2 2 L 2 HIIC TistssE] 2% —7—
FICLTEY 2 2T 4 7 AR L DR 2175 720

MREFE

1. MEOXR

AWFROMEIE, FEDDWMDOIEZEIZHDL LYY = AT 4
7 AT B AT L Lize BARIICIE, A DOEFZROH
SCEHERE L T B oREE LAY A E R 4 — (NCBD) OFE
Fiw L7 — % N—2Z (PubMed) I2&HH SN T B IRFG L (1
¥#963007) & L7z

2. MROFEE

COFEMIE Y AT 4 7 AR BRI L C& 22
LEREE 2. WE3VEHROPubMed T — F R—ADHip 5 L&
BOMWDIEEIHD LYY 2 4T 4 7 AWIEGR L R RE L7z,
ZOB, TEY AT A 7 AETRT T AMEINIHORE L
V) NIEEER B 2 T TEREE L o 7 EE R %
OO AN ZALTHE I END, KL TIE [HWEY
GIROFEGERA S Z AL Lo Z2NTEMEHR ] ot sHifF s h
5 [TFEOOMETRE] ICHT ML E [HOREITEEL Y
R B BB AMENER ] o b HifFshs [FEb0
FEFEE ] BT AL 2 D120 TIHREZ T - 72,
BARRIZIE. DUF o L9 I L7z.
O [FESOMIRHE] (CRAD DRI

F*—17—F% [epigenetics| LT [child neurodevelopment |
LLCMXMEE T 572, 22T, PubMed7 — 4 R—R1F 2
NLOF—7— IS A MV FEIZER (abstract) IZA-
TV LT 2RI AT ATH L, TOME. 168Hi
OFFERR A Sz, WEIZESE T (~2000) 146, %611
B (2001~2010) 5@, EEIINY (2011~2020) 162#E CT. &
HASEAE, 2T N2 ROz (M3).
@ [FEHDOEMFEE] ICHDBRIEER

F—7—F% [epigenetics] BXU [child mental development



AR SR

(%)
100

50

= 0 PEERRRRY 5,
1

(i :
2020 [(4F)

| 1995 2000 2010

K3 #REFREFEFOIEIIRT 1 JARXDERHRE
EFE 1 EHY DRXBONMEML TETWD I EHDDD
(20204 8 BEF=)

(i)
100

i

| 1978 1990 2000 2010 2020 | (%)

M4 RBHREEFFOIEIIRT A JARXDERERE
EFE 1 FHI) OmEDEML TETWBT EDDH S
(20204 8 B

EL T e Lz, TofR, 358 OB Ftam LA S
N7zo PERIZEETN (~2000) 8. 4ET0Y (2001~2010) 25,
EETIINT (2011~2020) 325# . fi SCEASIAE, 2383 2 i)
2Rl (M4),

% BPubMed 7 — ¥ R— A TENTZGXD Y A V& PiEn
SANZEDOXT G E A L. F & D OMRETEE & g E D
FRICEKT 2 L BDbNEZZ T 2T 4 v 7 AR EZRIRL
TWA3BMOmLeIH L, ENENIET LIS L. A
DR ERIR L 72,

FRFAER
(1) [FESDMIERE] ICRADBIED I XT 0 VAWK
FHIH (1990FEKET)

BE L iEHED 517 SN/ iEFEICE 1T 5B FHE
DAHZXL Ty ORI L TRkl 2 1) L
THEL, RO EREOKRTRT ¥ > 737 B 2DNA
FOBEFICHEL TS I SELBETOMSZHHL TS
TG APEET B LRSI E R,

FOH (2000F4)

BHEEBEOMY > TILDS[ONIEERBEET HE
BF 1 ZOEMROMIEFIEI R, BRIz e Mg GEC
L72F7 D) MBI ED 2 SN b X )12k ol SHITH
RFTEAR D K& (IR L72e TRHEZU, o RihE R
B OFELRIN T AR, MR D IEER IR/ S5 — V2B S

T L OWMOFEICET ALY Y 2T 1 7 AHf3E

3 bifat (TRAF4, Neurodl, PLP1, PER17:Y) HIE%H 7
BEFHEOTO TS AP L@ LT, REHTWE L
PP L 720 AU X DABAR AL, MOBEE T OB A 7 =
X DHHFED D B T E AR S Y,

BHERBORE) AV ZETBIE T RXTr v IElL  #
{ZFDODNARHI ETY My VIR A F VLG S, 2
FUALIBHI % Z 72 A F ik P v (GmC) 28T 5 L
HIETHRBBIH S D, 20X H =X MFIEH AR
VHTHD, SOEI B, ¥V AT 4 v 7 idET
T 7T M 2O X F LR (MTHFR) 258 b -
TWwaZE, EHIINSDOBROBIETIZHREDN D L LG
RKIIED ) A7 BN ERAT A RS, §hbbIEI ot
74 v 7 RDNAOAL B O 7 SN TTAKEMPRE DO 2 ) 2§
HCERT B Z WS NIc SR,

FERMEOREREHRRICH T DRADOEGFHIEDOMEEX H
ZRL RO 1 OPTE Y 2 2T 4 v 7 s T o B
ThbIEdIESN, BANICIE, BEFORESHS H
2% > TV AERMIZ AR OFEIRE 9 % Retthi fERE I B
WCRK & 7 2 MEPC2BAZ T DO T TS F S o #i{n T %
A MU=V TBY R HEERBIZETTHo T LMD,
HBE ORI ORI T O v b a— VREDRSH B 2 &
MESND LI ol FLMECPIEIETICHEN D S &
TR AR T OALFAE I b BE A U CRIE T OB
AEITHEZ 2T TS 2 &, of iz c% <,
7 7RI BT S BIE T ORI EIREIAET 5 2 LS
oz shzY,
HEIME (20104F4)

iPSHARR & UV E R D FEIEREE R B OMHIZRE DR !
20104 AR A % LiPSHIIB D RN 2 T, =¥ ¥ = %
T4y 7 HRE RN &3 5 S8R 2 R B o TR I AR
WD ThND L) o720 ZOHT, FiRORetthEfEHf: &
[FIBRIC, N & 7 285 TR A & 22 SR 7z B Rc H
fEii O JE R % B9 5 Mg XOE A B W T, iPSET 2 W T
BA OB AN Z MRS RS TRz 2 h, R
W DNAD A F VALIBEIC X o TXYB R LD FMRIFEFH
P S MR R O LR AR ISR AVE S S & AV
B 7=,

HREEEICEADLIHLWIED T 2T 1 v VEMHRFOR
R L¥I AT 4 v 7 eEEFOHICE D Z2DNA Lol
6 (GmC) (A B2 IALF B AR L CEiE T o
WE 2T 2L ABHALPICEINZ, THOLL AT
5hmC& VI Fr Lo A TOLEBHAHb - THB Y, Lad
ShmCIEMFEAIIE. O FEE, MBI ERTH L Z LR
Wxhnzo,

b RRMEEMMIBMOIED T 17« 7 AOFELUE @ oMk



NN EPS

ML E ZOR Y 2D TWE 7Y THIAS TETW5,
MR & 7)) THNIEE O E 38 ), B TOBEHD
Rlpho LI2o TRIZTFZHMITHIIE Y 2 42T 4 7 A0
F—v (ZEF L) FERL L, LALENS, & MO
ML <o 2o Eo s ) 4% ks % &M
LTWB I edbhoiz, kT THlRE Lo Y S
J ABHFBPL Tz, L7zdo T b2 & LR 2 $REL L CF

2855 2 LIMHEHE EN— PSRV, TV T 4 7 AR
FIZBVTIR, vy AR THES MR MRTL Y TR E
LEVSTHWI EAVRR S Y,

MBRDIED T RT « 7 ACED IFHIERBOEZRT © BRI
OFBWAMABARA O ML CTI7 2 5 X 512, RIS b I
BRETORPENAF Y= —=DROOLNTE e DL
I OWBH205 L EL N R HEIBHOLE Y 2 AT 4 v 7 i
WS, ) DRBE TR T ABDNF (RENT) O#fsTo
DNAFITHM S, Thd) Do MR X 2S5 %
WHeET5 2 EvRENET,

IERPOERBERAIRICER T 5EHAANI NI LEV R
T RERIIEY AT A v I A FIREI O R L 7 5DNA
DAL DO K ERTH Do ZNE TR
LTBPEVEEINTEDDOIE Y 2 4T 1 7 AITEER
b2, BEARZ M I MECR DR T LT ERHL2ICE
N7zo HARMIZIEZ, /vy = —Tirbh7z1000 NBB A x4 &
LTATh IR X ), HESE & B 0 ISR BT 48 [ 2 & I iR 1%
SHMNTHNT T 1 HA00~ A 7 10 75 2 DZERE % WRJH L 72 -t B
LINET Do CAEINTE LTS OHMAESR
IERZ U728 2 A, MR REZ0.10%0 20 U IENR i da
13021%E$ 2D A7 BT 52 EAHIBIL 72,

HIRFPDEVBEICKDBEEICDRDDRREIES T RTA VX
ZAE R ORI IZEIE 7V o — VRERERE & X B A
EAEFNTEDIHIESRITIEPAMONTE, 2O X
I JERENC T Vv a— v B RO FEb ol
JPERIEALE O T ¥ Y = AT 4 7 A% PR, SRR EEXR
E’%bémwwﬁﬁ%vucmmﬁﬁ%mlzylmr4
7 ANBEDNELTWASZ LRI L 22",

IERFDBIEIC K BBEEICDEDPBIREIED T
ZA RISy Na 2 ) L= aF OB CRIBICHER
EORHEPEEENDL I EPHONTE, ZOLI) Hp, <
7 ZDORER OB FIEERWE) 2 THhi-E2H, =
VAT 47 eRafoilifiznsd sy 378 (MeCP2,
DNMT3A, HDAC2, TET2) ORBAMET LT, ZHZk
A S R OBEIL, KL L THIE OO TR B RE S
TORBMEHRE LGSR L, IR EREORKICRD
5 B REMEATRIE & 7z

WEFEZFDOBHRIPOBADIED 1 X7+« JAICEDL

FELOWDIEIHET LYY = 2T 4 7 AWF%E

EREREOGE | JBF2 22U 2 5 L 2o b jE
FELTLIEIMHAND S 2 & ZEFOMEPE VD, ZOfif5
TIIMERFREDDH ) 2R b T~ CERMIHS %8B &
Lo TWAREIPLATIN T LELOFEFMOTIE Y 2 2T 4
7 A RRIAER KRIZBWT, BDNFEIZFOIEY = &
T4 7 ABAL L FBUL T 5580 N7z, TOZELIE ) DWW TR
SENZHDLFEARRT, SOLAUER, Kt R R o mHEH
ORI RE RS S,

(2) [FEHDOEMFEE] ICEBDLDZIED T RT 1V AMR
FIH (1990FER%T)
FELDBHREICHEZSEADIEDS I RT AV ADRE
TE LR & IRV RO B TE S. FE D DK
RREIIGEEEN 70 75 22 THFR 2 & ORI X %
PUBRE W) T 2 AT 4 v 7 REFNFERL TV LR %
PR,
FELORMREILHEEEADIES I RT AV IRAD
ZAL EEORMIEERE 2RO EREEETHL T ¥
VW VIEBRHOERPIE V2 AT A4 v IR AN ALD
RETHD I EHHW L7z AWM. UBE3ARATIE—
x5t DISFEGAARD 9 HRED 6 Z TRV 722 4R TIXONIZ 72 5
TWbBY, REREZOHDSZFHOZLEARTEL TS
CEHH L7z —Ji K B2k ZZ15F R IE R
BWHRZOEHEIZEY 2 AT 1 v 7 il 2 %1 TOFFIZ
BoTWbIElNbholze TOX) BHKRTLBOMEICL -
THEIETFDOON/OFFARREFLLYE Y 2 AT A v 7 R AN =K
DETZ )DL VTN T AT EN) T Uy~ VIR
OWEZ WL T, BETOIEY 2274 v 7 RO L L A
& Z ORI L BREAISE DB E OB 5 9 o 727
FOH (2000FA4K)
SELEBEREPIED I RT v IEESESTEYSE
BYREBR : flix DA MLV ATRIBEREDO 7 Vvaansasf Kk
VEYOEADPES L, FoBEEzigshs e, 7ra
INF AL FozEAE (GR) 2MEHALL T, AisHlie o B
VHELHEL ZEDPHONTE, TOXH) BREROT. W
WCHBEFISHEN D LI RMA N LA (ER) 25258,
7 v b OROWEIE IR O GREARZT 25 A F MLIBH S Tl
fRFREBAPIHIINL 2L, SO INICEIDFMA ML A
W2 2720DKRNVEYTHA TN ITINF T4 FOVEHHES
EOATHRENIELL L, Tabb, BE L #ETOMELN
HABELBZEDT Y NOEBRIVHLM SN, —T,
b ORI BWTHVEIZER S W RBZ o BRIEE O
TEBIEFZLTLE) L) EFOMBDA L 2 2 L3
BNTWV5, LBORB %5 S S NIRBEFOHT v b2as
By MRV TFELPETNAE. 20T LD WO HEH



AR SR

WO GREAZ TS A F MALIBH S N7ZIRETEFT N TE TTE)
BisEx 2L, A FUALIBHIRE & TBIRE I3 3 H  THl &
WANDBZLDT Y FOEBRTHEISNLY . TabbiPH
DBEINC X B WHEALD WA R K 2 AT S M2 2 L
IPEREMFETREESR TV R Y - 2BHEL RSN X9
7o T&7,

EME (2010FER)

BERIEICEDIED I XT A JARZN LEZBBAAXRNI A S
LIEDQHBRRMERAE © HM AT b T AREIZREREREIC LT 2 0E
BFOIRRLREVIRNTH L ZEPALNTE 7, 8wy
RCHBYERICE T 22T, FEPAMANRY T i
TR MR TH 2D L LIzA Y 205080 —Fk
MANITH L. DNAMMT 217 % o728 25, 5080V ho
BAFRT HIZ BT HDNARHIZFE—TH D, HHAXRS T
7 DIERRDBF I B VTR 2 BAF R AL SN2 o
720 WOTE50HLOVTNORTRTIZBWTIZEY 2 AT 17
AR 24T > 720 ZORE, AAARS b T LHERDO BT
Wl L7z ¥y 2 A T4 v AR SN, 2oz &id
EBOMSPOBBEERNFIE Y 2 271 7 AEREZRTHT
AEARMLT, B2 HBARY b5 2ERISEW 2T M2 D
bo ThbHLHAMARY NI MEDHBRUIIEA R SN 72",

FEREOREBERBOIES T RT 1 7 AREDIPSHER
IC&ZBH AR B IEREDFERER B TD 2 Hahy XA fx
FEDBRIZ, XYetatk b OFMRIEET ORI HEBA H oA
TEREIMEL, MR LAHBODNAD KO A O R T2 51
FORGACIRED S DT\ T A F VLB Z 2. Th
2 & o TEMRIBZTOFRBIHH S, T &b oMU TASE
BEROFIEN A ONLZ L LEZOLNTE L, ZOW%TIE,
FREAF LR ZT TV W R L 7Z2DNA I ANTPSEA % 1
WTRMEIRBICE G722 25, AFMLEZNC X 2 HIET
OFBULT 2 N TIICHIT 2 2 LA TE LY,

ADHDRD K—=/NZ Y RSV AR—Z—DIEY T X
TAYVYURE  ADHDOWEHE L LT RF—RI YV T VY AKR—
% — (DAT) OME&oEFELXHWICAF VT 2 =7~ bOk
HREL TR TWA. BODATOBIMN & ML ODATOH)
FHE—FH L TW5 2 EPHWERTHLMIZS N, 22T,
ADHDW oMLt > 7 V& T, DATEIET %72, Z
DFER, DATHEAZ T\ BR 2L A A3 7% S TV B EIAH
RDHNTz, F2F D X9 % ADHD R 572 Wi E A PET
2 & D ROMEARFIRODATIME T LT3 2 &2V L 72,
F 72461 L 72 ADHDEE O ik O MR SFEHT TDATAME T L Tw
HZELHMWL, LA >TADHDIROZE Y 2 2T 4 v
7 MR I BT 2DATOREZ LR T 201 2T
BEThrEZONET,

FREREROREE (NELES EHNELRES) OTES

T L OWMOFEICET ALY Y 2T 1 7 AHf3E

J L FERERRRERSEOT TR EE WS 2 LD
{Brve 20 X9 B ZREEIIENAE LR E & AME LR E 25 B
o WAEALREE & 1d ) DRER L HSCANT SNBRERTH %,
— 75 AMEALREE R M 2 B A (T S N B HER T H
Bo BHL. BT R AT MR LTSI NIH IS,
WA P LAZASITARLVEYTHALZ NV IANFIAL KD
SHRRBIETOTOE— 7 —HE (BETOAL vy FOH %
%) ODNAD X F AL ~R7z & 2 A, NIELkE
ERG| &I L7 IGERERE T A F VLB ORI <
COBETORBAIET L. SIC/MELEE2 T SR L%
FEREEBE TIHBM ORI TOBEF ORI A LT
WBZEPHB Lz, E5ICZDTENS, FvaaFas
N ZAABAET O X FIVALAIEEREE O R B J5 P12 B
boTWwhIZ LAVREEh72Y,

HEIRFD A Ty MCEBBEAANT NS LREICDED SR
BRI ES ) LA G4, REMHN S 2 & 2 B TR
ZF ATy NI LI ZTBY ., KRB SRR
DEBOM A RITE) A7 O FADPBER SN TS, ZONRE
RS 5 HR IR BN R 0 5 v ZREFR G L 7- 45
By HAEFOBICB VT, BERERED 1D TH SRetthE
BERE D FATL AR TF-Mecp20 FEBUR TSRO S, TS KD R
EACH B AR T O FEBIAS 1 U I R4 bR 3 R 0 JE 412
DB T ENREEINTz, SO WIRP DT v M A LRAEIC
WG U7z, B o MAEREOK T A RO S, BikIZk >
TH SO MR FIRO Mecp 2= T DIEBUKT R, MG ITE
BEWTIT LTV 2 Sle2a AT ORBUE T 25380 722,
DEO#RD» S, RRBICERRECREShD E, TEY = %
T4 v 7 BEALEA LA BRBUR T ORBIREAEL, i
RWERTE 2 & OETFEMERR 2T T, HEFERH A RHIED
Y A7 SWRT HWHREMEARIE S 7z,

RFOBREICEDFELDFORBIED I XT A VIR
1€ & SRR OB SR R g 5 A R AR EAE L
EDY A7 % FHEELZEPMONTE L, TD L B,
TR S B U 72 ek & A4 F T & 7R oo I & X7z
R ¥V AT 4 v 7 RREI01TOBETIRD ST,
FIDL ) BREAERRINC 2> TOMRLTWD 2 LA
HH L7z RP OBYEOZEIT T Y 7 ) A &) BB
BHEKOZITIME AL T, EFNTL 51 &b IRILAERE,
SN FEERE R EORBREE 5L 5 2 LAVR
X7,

HRPDEDBHICKBBRRIES T 27« 7 AZEAL © IHIR
FICRER A Ty MIAT L EBRICZEY 2 AT 14 7 A%
LR L7RBY) A7 PRI ND 2 E AL NTE . A
T HIRPICROBNZZTHEOBROTE Y « 2
T A ABALDOF IO WTHART BRI 2 =7



NN EPS

BEPHEFNZI0~19FDOTELD 7NV T ANF T4 F2%
HBIET- OB & AR, REDVDH B LA L,
CDBIZT-ORFERAF IVLITERE 2 EET 5 2 LA 6N0
TWLZeNH, HRVFOROFENITELDOITHZZELTL
9 (AL RAZELIOhR T b ehEaidne %
%) ZEAREEnLY,

RRREADA ML ADZITIMTHBDIES / L - AN jERY
T2\ B ERROFERL AR IR I RN b7z - THEDERS 2
EHPMONTEZ, SHICENLATORBREINTmMZ 55 A b
LATHIEY 2 A7 4 7 A0 A U CRIBICERBIRE %
AELEE[E I EPTICEWEFRE /AL CEM S NGz, B
TERFIEDHEA TV BB O 2 b L 2 IZ RO ER & LT
RO F 4 Ty b (FFHIBR) . SRR R (38), B2
J, B, EUUE. R, AR LA, BAEZT LI L,
LR ORE. —J7. REMOZERE LTREME (K
FRFRIRAE) . TR REA 4, R MRHIERE, BHARR O
OG- ETH DY,

FARDODEEERDORPARICEDIED I XT 1 VI RFEE
B2 RPUBEEB DS 110002 T 2 K oK B TEAIC
BESEONL L) TR oTze L LEFEMII R > THAMHEIZ
MDD 5 7% ISR EGEIN 2 RO L) A7 B E o5 TE
7oo ZOMME L THAERWBICEMO AR KR S5
ZERBITENTWE, £ TRYMARED S % A % H
NCARIZZDOFRERIMOFEICEHD LT F =+ T v AR—
F—BIETFIIZE T 2 AT 4 v ZEEED LN, TICK
DEETOBMEIMET L. WMOFEICHE LY 5 2 TWw 5[]
ARIEE 7Y

BERINEVDEBRFEGEFOIES I RT A VAREDH
RIEFEFVEVELIENLZE XY U VIE, BT ELE
WELOLBITEBE T ES ORI ORDH D 50 S5
NVEYThHbs ZORNVEYDZIFRY) FTHLILFF I MY v
SZRROBIRT 2 TRIAER, THREL R L7 4580 5 160%
ORI CTIFBET ODNA EobE B2 LA L T TRIE T
BHEOLL Bo TR I LB EN, ZOZEns, &
TEARNVE Y HROPTTHHZ TN L WIRETH 5 2 L AYTH)
BEEIZHBRL TV DS Z AR s,

EBRFzeZ T EFEBICECEEGRFOIES I RT 1 VAR
B AGBD O] & HE S N H AR N O BRI B VWT S
NIAANFIAL FEREOIYE D 2 2 F7 4 7 AREIH SN,
DHIATEREENA LS 2 EDPHPWEBRTHSN TV, 20
WFZETIIIN VB JERR 2 2T 721D A S 14R D56 AND T £ %
MM~ TN THRARTAER, B FEBRE FEE LYY
AT A ARENROONTZ, TOZ EDSHEMA ML A
ZIBTODRNVEYTHAZNIANF I, FEREOE X
MET L, fTHRELZETZ2ERICR > TWD I EAVRE SN

FELOWDIEIHET LYY = 2T 4 7 AWF%E

72,
EFCELEMORMFEBEREBEOIES I XT 1 v Ik
Z  PINCB oS (Bf) 220 SEoNTICHE o7
v M T O X 2D (B BD 2 I HR)
Ll (RUTEEE IS b A INHE) 128w C, Bdnfl{n T o
RIS B A F AL b h7z2 &, F72BDNF (Hess
WF) iEe PO OREZF T T LTSI EPFASHNTN S
s, HAMOR TV Y N WBdnfEETOF AT VALE
LaALsg, Zo#E, BEFRBMITL. 20%OMEE)
RLN AL AT S 5 W REEAVRIE S Y
BFCE>TELAEIED T RT 1 VI BRLHNDEBFIRAET
DREAF  VINERE 2 B2 AT 5 A4 ADEIHEE
FZENGIT 7 274 FOZHOBETERNRII LY
AT 4 7 RENEAT o 120 TOREH. AMEEA I U RICBIRT
5DLG associated protein 2B TICZE YV 2 AT 4 v 7 R
WHRRDONTZ, TOI EROIPINTZT 1 ERFORE S
Bl THD LY 2 AT A 7 AL LTHERAT A LIREN

,.37)

MPEDEFICEBBEFOIED T 2T 1 7 AELEREA
SR ERIIMZT TR BTFIBWTHIE Y AT 17
AZAER 726 T T EDbh o TEL, BAMIZIE, EREE
AT HRUORTEAS B VREEOR TR RELzE A, 12
OBETHEIBICBVTIE Y 2 2T 4 7 AW R &Nz,
ZoHZid, MM OB - LIS LT VY oA < =i
RN—=F VYV UROREINE D Z EHFMENT WD MAPT
BT R MR T VY N A < —IHORHEIEBA b 5 CLU
BET LS MERICELZEETEENRTBY ., BTE
BB CTIE Y 2 2T 4 v 7 BIERAER SN WIEEND 5
JLtEZEDLELE, EEINTLZ2KIEROT LD ORDFE
EHET WSS Z S,

WEFRICHT ZDBFZETOISLOIES T RTAV Y
BHR  JERFE LB ZoTFEb 0 Tur I 4 (FHil
Mi-RKB ==y 7Ta T L) E2TAERICENM L 727 —
AxFHRIT, BRFCLE2Z YT ) AELL3RICE 2
LA DUFRNRA PRIz 2T o 7B 2 2T - &b ol
W > 7V BT L72RER, R A b L 2SS 2 A7 e 4
FARVE Y BIE TR REOBERT % KL T ¥ 7 2%k
AL BETBECIABDOBIZTIITE T ) ARFEHP R E
N7z $7220) bRTIRTE ST MBS L 727 —
Alx. BMLeholor —ACHBK L E A, ¥ F 7 ABE.
MRS, KR ORREICHD 2 HIET 2 a5 1 %OMET
TIVY AT A v 7 RENERD, 2OTUTTLORHEL
ZzonY,

ARHOBEMROBEEZERMIZIEISIXTAVIE
It PO EIENEHE BN EL 5252 P MbhTw



AR SR

5o ZIT, LHFEMA T — IV CHIE L 72 BE TR ORERE &
ETOTEY 22T 1 v 7 BALOBRE R L7z, SO
R MEHC D Y 2 27 4 7 AT ZAT - 7286 F 12%
DOBIZFHCEEEROBEIIFE L2 22T 4 v 7
AL ONG Z LAV L7ze TORHRIZ, ¥ T4
7 ANEHE RO ERFENIREL LT, BRWAATa 7540
ERIIG T X 2 WA VRIZ S e

BEAAXRY NS LEOHSHZRMT D4+ M UZHE
IS/ L ABARY b5 MEDQRIRICH T OZ AR
bbFFY M UPHHENL LHICRY, —HOBEHETOH
BEDSHS o720 LAELAEPOHMANRS I MEDF
FUMNVUVOMBDORA D AL EAHLRENDH -T2 £ T
HM AR b5 DEBREDOFF Y by VORI TH L4 F
¥ YU ZEEEEF DODNAD X F VAL Z 720 Z DR R,
iz B sl (Lo PHAOSDZM)AATH
SRR GhE TR (BRI Lo 72 idvik
WEFTIEA F U b Y U RBERBIZT-ODNAD X F VLD
W AR E Nz HEORTARBINLIEY 22T 4
7 ABEPRED ONTz T T AT 4 7 AR ORE L
MAMRT ORIEICHBEEI RO SNl LA > T %Y
b VERREETOIEY 2 4T 4 7 AFTRIZERE OHAN
WA YEDHIW A 7 1R 7 2 T REMEAURIZ S o7t
MPEADRIBERIET 2 IEYS / LZIERIC UEEHERD
118 : DNA LI Bz s AW = AL 2T 2T 17
A EMATWS DS, i ENL7ZDNA L Ofb iz = ¥ 75 ) A
LIRS, ZOZES ) AIBBIIN T 2 A4K0ZITITH D) |
VDB SN B ORERTAMTL H S, S H5IZDNAT
HHT ) AZDObDERRY, DNALOLABHEITH L LY
7 Aid. BIETFOON/OFFZE LW 2., wiitkzAa L. i
HABESTRTH D, UL, PMICHH SR ¥
77 AEHICIE D W RIS, R A KT 5 el
¥V AT 14 v 7 EH (Preemptive Epigenetic Medicine)”
DEBRIL T LY,

E =

RIS L AR O W ) OW e L E TE Y = &
TAY 7 RBIENOIRYEDL L, T 2 AT 4 7 AV EMGD
FEMNCBIT 2 BIZ TR IREBTHL LIS, D
WCEDBREIWRREFIED L) BIRBD AN = AL THDHZ
LAV L, Z20%iEFEA 2D B BETEONL1ZEZIH0
ZUMDA N ZZALTHD I EDVRENTET,

IE YV AT 47 AOEWFR LRI BRI X o THIE]
EN7-DNA EOLAE AL A RN, BEIC X o Tid—EE
HhHidsZLThb, TNITINELLAEEFOME LZNIC
L BRERMAEDEAL L HRT A LD, BV DL, K

T L OWMOFEICET ALY Y 2T 1 7 AHf3E

VBB O BB —AEDOWTHLLDIZR B ETHY ., Zhud
HLEHE [ZOTOH, HET] L) TEDLEPRRLTELZ
ETH Do EB SRIMESNIZHIEON T, DML ELR
B, BARMICIEREEY ., TLa—VoRHEY, yoNasEo
BHEY B WEEESLHMARY T AE, ZAE IR EOD
B OFEFEDIUN 7% B W) 7T AW SN TE T,
FHINCTH 5120, EORHEESHOLE Y x 27 4
7 AWRED S A5, RO L AR snER ST 2 %
Tik%d, TELEFIIETILDTH-72ETHYY,
SO LR TET AT A7 ADHHA L ADZIFINTH
LI EEWDTRLTWAER bR, T80 BI105 2
SNTEMA P L AR SICED X)) 2 TN okk %
BET B e ) HAIN R REO BEAVEY AR Op T
LB INIZRETH D EEZ HNTZ,
ELICEFEDIEY = A7 4 7 AL, HERA LA
L BIRNEALD 5 T-EW I A S = X L O L 727205
T% L BPHETO 7 5 20%EY . BTHOZERIKD
R B BIE W O AP R & v o 2 E R
OB HHBERERMEL ) B 2 edVREN, ZDT L
X, T¥ VAT 4 7 ARIIREO R B OB & v
BER DR R EBRNDOEBRICHNZ . BE R DHE, A~k
PHFESNBMIEGBH L) O0H LI EERLT V5,

b

ARG TIET &b OO FETE 2 FFET8E LRI EE ) ) 1
12y ZO3EMOTE Y = AT 4 7 AWFEERIRD &Ko THIZ,
ZORER, MEOWELS, TV AT A 7 ANA LA
T ENLRERIIADZFINTHLZ &, DPHORELRB
BN HE S L 28, RUBEFREORMIIZ 0T 04
(272 DAL R OFEST IS ETIR 2 & L AVRIB S T,
IV AT 4 7 AR O ETH L, TNETH
WEZ LN TELMAWSE (ZEbEShRYE) ZREMICTENT
LEBSBHLEDT R D, PIZIE [ZoT 08, HETL €53
YER) RSV T AN RERL 2] Loz hETE
bNTELZZEZYUD TRFMICH LN T 2EMFETLH 5,
b IEIE Y AT 4 7 ATEEIL. RO M ED
59 72OIHE. RE. itk EOEBOBIT— WO LT
WS BEDBHDEEZ Do 0EM, TET = AT 4 7 AW
WboTELEME LT, b bHBERLWE OFEBEICH
ORI EZ R L TWIT 25 EZ 2 Twa,

E

AWE7EIE. SRR AR A e PRRIOBEZE (Hi3F) A
7 18K18663 (WFFERIAE « JERE KL & O S A EH & A A
DIzHOOBIZFTE T ) RO, BFFEERE « ARHRE



AR SR

xK) DB X BB RD—ETH 5.

51 ik

1)

2)

3)

4)

5)

6)

7)

8)

9)

10)

11)

12)

13)

14)

15)

16)

17)

18)

19)

20)

21)

22)

23)

Weaver, I.C.; Cervoni, N.; Champagne, F.A. et al. Epigenetic
programming by maternal behavior. Nat. Neurosci. 2004, vol.9, p.
847-854.

Waddington, C.H. The epigenotype. Endeavour 1942, vol. 1, p.18-20.
Qiu, J. Epigenetics Unfinished symphony. Nature. 2006, vol.441,
p.143-145.

Tsankova, N.M,, Berton, O., Renthal, W. et al. Sustained hippocampal
chromatin regulation in a mouse model of depression and
antidepressant action. Nat. Neurosci. 2006, vol. 9, p.519-525.
Ogihara, S., Komatsu, T., Itoh, Y., et al, Metabolic-Pathway-
Oriented Screening Targeting S-Adenosyl-l-methionine Reveals the
Epigenetic Remodeling Activities of Naturally Occurring Catechols. J.
Am. Chem. Soc. 2020, vol. 142, p.21-26.

MRS BREADLIIR~TV Ty YV —IHEBE2TANY E LT~

CEAETK, 2014, 233p.

Montessori M (FFARZHER - M5 ZHE 30 (2001) €7 v v —Y D
F OR~AKTET. T hArHE.

ARERER. €Y7 vy — ) HEBORFAEY > O OBFE - 5iE
SZIRWEZER M IR ORI FE Mg — . B AR 2 B AT SRRl 22 2020,
vol.22, p.51-59.

PubMed Central (NCBI)
(2020.8.16 2.

Agoston, D.V.,, Eiden, L.E., Brenneman, D.E. Calcium-dependent
regulation of the enkephalin phenotype by neuronal activity during
early ontogeny. J. Neurosci. Res. 1991, vo. 28, p.140-148.

Aston, C, Jiang, L., Sokolov, B.P. Microarray analysis of postmortem
temporal cortex from patients with schizophrenia. J. Neurosci. Res.
2004, vol. 77, p.858-866.

Lewis, S.J., Zammit, S., Gunnell, D. et al. A meta-analysis of the
MTHFR C677T polymorphism and schizophrenia risk. Am. J. Med.
Genet. B. Neuropsychiatr. Genet. 2005, vol. 135B, p.2-4.

Maezawa, I, Swanberg, S., Harvey, D., LaSalle, J.M., Jin, L.W. Rett
syndrome astrocytes are abnormal and spread MeCP2 deficiency
through gap junctions. J. Neurosci. 2009, vol. 29, p.5051-5061.
Sheridan, S.D., Theriault, K.M., Reis, S.A. et al. Epigenetic
characterization of the FMR1 gene and aberrant neurodevelopment
in human induced pluripotent stem cell models of fragile X
syndrome. PLoS. One. 2011, vol. 6, €26203.

Sun, W.,, Zang, L., Shu, Q. et al. From development to diseases: the
role of 5hmC in brain. Genomics. 2014, vol. 104, p.347-351.

Kessler, N.J., Van Baak, T.E., Baker, M.S. et al. CpG methylation
differences between neurons and glia are highly conserved from
mouse to human. Hum. Mol. Genet. 2016, vol. 25, p.223-32.
Fuchikami, M., Morinobu, S., Segawa, M., et al. DNA methylation
profiles of the brain-derived neurotrophic factor (BDNF) gene as a
potent diagnostic biomarker in major depression. PLoS One. 2011,
vol 6, e23881.

Surén, P., Roth, C., Bresnahan, M., et al. Association between
maternal use of folic acid supplements and risk of autism spectrum
disorders in children. JAMA. 2013, vol. 309, p.570-577.

Frey, S, Eichler, A, Stonawski, V. et al. Prenatal Alcohol Exposure
Is Associated with Adverse Cognitive Effects and Distinct Whole-
Genome DNA Methylation Patterns in Primary School Children.
Front. Behav. Neurosci. 2018, vol. 12, p.125.

Buck, J.M., O'Neill, H.C., Stitzel, J.A. Developmental nicotine
exposure engenders intergenerational downregulation and aberrant
posttranslational modification of cardinal epigenetic factors in
the frontal cortices, striata, and hippocampi of adolescent mice.
Epigenetics. Chromatin. 2020, vol. 13, e. 13.

Pilkay, SR., Combs-Orme, T., Tylavsky, F. et al. Maternal trauma
and fear history predict BDNF methylation and gene expression in
newborns Peer. J. 2020, vol. 8, e8858.

Wilson, R.S. Synchronies in mental development: an epigenetic
perspective. Science. 1978, vol. 202, p.939-948.

Lalande, M., Minassian, B.A., DeLorey, T.M., et al. Parental
imprinting and Angelman syndrome. Adv Neurol. 1999, vol. 79,

https://www.ncbinlm.nih.gov/pmc/

24)

25)

26)

27)

28)

29)

30)

32)

33)

34)

35)

36)

37)

38)

39)

40)

41)

42)

T ELDWDIEEIHT 2T Y = &7 1 7 Af%E

p.421-429.

Franklin, T.B., Russig, H., Weiss, 1.C., et al. Epigenetic transmission
of the impact of early stress across generations. Biol. Psychiatry
2010, vol. 68, 408-415.

Wong, C.C., Meaburn, E.L.,, Ronald, A. et al. Methylomic analysis of
monozygotic twins discordant for autism spectrum disorder and
related behavioural traits. Mol. Psychiatry. 2014, vol. 19, p.495-503.
de Esch, CE,, Ghazvini, M., Loos, F. et al. Epigenetic characterization
of the FMR1 promoter in induced pluripotent stem cells from
human fibroblasts carrying an unmethylated full mutation. Stem.
Cell. Reports. 2014, vol. 3, p.548-555.

Wiers, C.E.,, Lohoff, F.W, Lee, J. et al. Methylation of the dopamine
transporter gene in blood is associated with striatal dopamine
transporter availability in ADHD: A preliminary study. Eur. ].
Neurosci. 2018, vol. 48, p.1884-1895.

Heinrich, A., Buchmann, A.F., Zohsel, K. et al. Alterations of
Glucocorticoid Receptor Gene Methylation in Externalizing
Disorders During Childhood and Adolescence. Behav. Genet. 2015,
vol. 45, p.529-536.

Xu, J., He, G., Zhu, J. et al. Prenatal nutritional deficiency
reprogrammed postnatal gene expression in mammal brains:
implications for schizophrenia. Int. J. Neuropsychopharmacol. 2014,
vol. 18, pyu054.

Joubert, B.R., Felix, J.F., Yousefi, P. et al. DNA Methylation in
Newborns and Maternal Smoking in Pregnancy: Genome-wide
Consortium Meta-analysis. Am. J. Hum. Genet. 2016, vol. 98, p.680-696.
Radtke, K.M.,, Ruf, M., Gunter, HM. et al. Transgenerational impact
of intimate partner violence on methylation in the promoter of the
glucocorticoid receptor. Transl. Psychiatry. 2011, vol. 1, e. 21.

Faa, G., Manchia, M., Pintus, R. et al. Fetal programming of
neuropsychiatric disorders. Birth. Defects Res. C Embryo Today.
2016, vol. 108, p. 207-223.

Fumagalli, M., Provenzi, L., De Carli, P. et al. From early stress to
12-month development in very preterm infants: Preliminary findings
on epigenetic mechanisms and brain growth. PLoS. One. 2018, vol.
13, e. 0190602.

Dadds, M.R., Moul, C., Cauchi, A. et al. Methylation of the oxytocin
receptor gene and oxytocin blood levels in the development of
psychopathy. Dev. Psychopathol. 2014, vol. p.33-40.

Romens, S.E., McDonald, J., Svaren, J. et al. Associations between
early life stress and gene methylation in children. Child. Dev. 2015,
vol. 86, p.303-309.

Doherty, T.S. Forster, A., Roth, TL. Global and gene-specific DNA
methylation alterations in the adolescent amygdala and hippocampus
in an animal model of caregiver maltreatment. Behav. Brain. Res.
2016, vol. 298 (Pt A), p.55-61.

Marinova, Z., Maercker, A., Kiffer, A., et al. DNA methylation
profiles of elderly individuals subjected to indentured childhood
labor and trauma. BMC. Med. Genet. 2017, vol. 18, e. 21.

Roberts, A.L., Gladish, N., Gatev, E. et al. Exposure to childhood
abuse is associated with human sperm DNA methylation. Transl.
Psychiatry. 2018, vol. 8, e. 194.

O'Donnell, K.J., Chen, L., MacIsaac, J.L. et al. DNA methylome
variation in a perinatal nurse-visitation program that reduces child
maltreatment: a 27-year follow-up. Transl. Psychiatry. 2018, vol. 8, e.
15.

Garg, E., Chen, L., Nguyen, T.T.T. et al. The early care environment
and DNA methylome variation in childhood. Dev. Psychopathol.
2018, vol. 30, p.891-903.

Andari, E., Nishitani, S., Kaundinya, G. et al. Epigenetic
modification of the oxytocin receptor gene: implications for
autism symptom severity and brain functional connectivity.
Neuropsychopharmacology. 2020, vol. 45, p.1150-1158.

Kubota, T. Preemptive epigenetic medicine based on fetal
programming. Adv. Exp. Med. Biol. 2018, vol. 1012, p.85-95.





