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3. RFEHEA ES K (KhES1-CYPEGFP) @ TCDD IZxt$ % Rt

(A) HERFEZ3B ST CTCDD % 0.1, 1. 10 nM TIREE L7= & = A, 10 nM TCDD T EGFP M Y
DBEEMT 5 Z ENRENT, (B) Image-J I K HHNMEDOEEMIT LIZL Z A, 10 aM THI 2 M
THZEnNbnoTz, (C) h—#%/LRNA OfEHTCT%H 10 nM TCDD DEZE CHNEMEO E b CYP1AT mRNA
LU ER LTV, Kok~ —1—T& 2% NANOG (213 AL 13 Do T2,
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{LFWE Y A 7 HH9EE )
=

pMso |

TCDD 1nM

TCDD 3nM

TCDD 10nM

4. 228 A ES #if2 (KhES1-CYPEGFP) 7>5H D EB AGBRIZHIT 5 TCDD IZxt3 5 Kt t,

KhES1-CYPEGEFP #i}ia % Fi\> EB J¥ik % SUMILON PrimeSurfase 96U 'L — b £ T L7, EB BB
8 HE'Z. TCDD % 0.3. 1, 3. 10, 30 nM TREFHE LIEREFANCE LB E1To72L 25, 3 nM UL LD TCDD
T EB OEEIZ EGFP MEDBMOHIIANEEEND Z Loz, ZOMBMHEMIZRR ORIE L & Hil
Wz TW ZEbbhol,
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BAEF @R FEEME (LEWE Y X 7 H5eE)

WrEmHHEE

NAZRN—T Tyt IcRBEIELI-E+ 2 REE R B SR g LRI D E

BRSEE BERFF BUREHER ER

MREE

NAAN—T T B A Bl b Lz e NS REMEHR B SRR S (L M DB T 5720
12, MAP2 BT —4—T 2 DL R—F—— %R T 7 L= 7 7 AIN(MAP2-MLNCG)
EWEL, TOTTAIROFNEE R LI, TOFER. B HY #k BS ARG i RO X AiTER
#IRZ(WPNC)IZ MAP2-MLNCG Z#& AL, #f&HAa (b IR TG B L OE A A—D
TV T FNERELTCLZA, I EIEF OMMAA—DU T T F VARED LR AR
bz, ZOFRERLY, MAP2-MLNCG-hPNC #i RS OB R N CT& T2,

A. BIRBER/

EhZREMEENTIG (BS/PS MR/ L) 2RI A L= A
AR, TP ENCRWTE RRICHEE T~ SR 25
5B ETR o7, BRRIG T EHIIaZ R 3721213, £
EEIZSELOEM EORERHD, AIFESCHEMERABRA~
DISAZRINCER TEZLDOLLTHIRFEN TS, £
RetERR ORI ST T AEDORD T DA RN OR 4
£IREEFBRTEDRUCHDH, e BSAPS Mfaz Fv
7= ERMEOEOFHER O EITEIZD7R0,

xR N—T 1IN ETEA T B S
DOXEHETEE, HEEHRmTT VESALE 2 O
WEEETREDORBICIVEA TE, A NBEL
72 HRAE A CT# D Multi-parametric profiling network X
AR B R 38 AR BAR IZ BT DL F W E DR ZE VI OB
EFEED, RARIELDLEE ZLNOFHECKREE
\ZE DI EE T T ONEREIC TR 251
T AR, HERFESDARET VA —2EAT o7
(Nagano et al., 2012, He et al., 2012),

AWFFETIT, T CICHEN STV DN REME RS
Rz IR R AR O 53 LIS 2 <, FFrlia sy
BB REHTITEAL, F—RE, A—B&ERICLD
LSRN ETY, BT 52 TOEMES Mg H N iPS
Mz BB TFRETNHNAAN—T Y M A=V T RIC
INTU, BEORF— 720 N Rk Z R —# LI E
BELBRERREIT), TRIELL CIIfERHERE RIS
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LIz AR— I 2 —[EREEZBEIGL ., ZAUTED e
REMER IR ERER /N T ) — | AR T 5,

HfFSn2REL T EENBESINALEME
DErDEEEFRAEL L TRIV—= T TEBID,
REOLFWEOREEEICHOIRRT — 55T —
Z =2 R D, ARIBFIEIERR (T 22 REME R AR
U —ERTERFARLQO<EA, BEERI & —
READ B AR MAHRET, SERETOHH~—
A—DBIRLIREIEIE ., A A AL TH~TATRLED
FETHOEIEORFHITOTDICEETHD, T2,
B DEBL TOAHFFE 7 b=V OECD 7 AT AK
TAV~RELFRETHDHLEB 2 HIL, FRIZE Ml ~D
FELVO R TFHEIAIREO LT RIS %
ICHEBRTEDEE DD,

B. iRA*E
ABFFECEE R L7 e MEME RSN (HO MIAE) H Skepfid
ATEEHEREAR L, K =m s BEA LT, AMAP2 D7
7 — & — 481X, Kumar et al (Nucleic Acids Research,
2006) DG IZHEL T, hIMAP2 %7 /2 DNA D-1854 725
+369 DFEIEZHEIEL . pGL3-Metluc-copGFP-Neo 75 A
IRICH AT T2 LR DT T4~ —2BR LT,
hMAP2F:- TGGCCTTTTTGGTTCTCATCGAA
hMAP2R:AGACAAGCTGAAGAATCTACCGA
Xhol-hMAP2:gaattggctcgagTGGCCTTTTTGGTTCTC



BTG BF N REME (LEWE D X 7R HEE)
e EEmEE

ATCGAALtt

hMAP2-HindIII:acggttcaagctt AGACAAGCTGAAGAA
Tctaccgaaac

HindIII-MetLuc-copGFP-Neo cassette(F)
gagtgtAAGCTTccaccatggacatcaaggtggt

MetLuc-copGFP-Neo cassette-Xbal(R) :
GTCAGTtctagaaTCAGAAGAACTCGTCAAGAA

EhD5 ) DIFTIER B HARE K OFL23 Al iakk MCF7
MBENENME LT, BN A% 85T hMAP2F,
hMAP2R 7'F A~ —& KOD FX(TOYOBO)% FV T
MAP2 D7 0 —Z—fEIEIEIE L7205 | RN VER
L7 7T A< —XholhMAP2 & hMAP2HindIIl % f\ C&
512 PCR #IE%1T>72, PCR EEH)% Xhol & HindIII T7H
{ELTzb D &, pGL3-Basic 77 AIR% Xhol & HindII T
HEELIZbDETA 7~ ar L, KHE (XL-1Blue) (23&
A HEIEL pGL3-hMAP2 #[EIIR L 7=,

RIZ Metluc-copGFP-Neo in pJ204 7°F7 AR & #5112
L T HindIII-MetLuc-copGFP-Neo cassette(F).
MetLuc-copGFP-Neo cassette-Xbal(R)~7" 71~ —% F\»
T PCR %177z, PCR EE#% HindIIl & Xbal TYHILL .
pGL3-hMAP2 % HindIIl & Xbal TYH{LL7zbD T A5
—Yalrl, KIBEICEA BRI,
pGL3-hMAP2-Metluc-copGFP-Neo 7" 7 AIRN % [EI L
7

(REE~OERE)

ERESHERR DRE R ERIEIL, SUERR RS O e NESHIl
ORI OMERIZEE 3 2 F58H ) BLOE LR ZET
DEFFFEMEEEZ B SO ESIRENFITERES
B sE AR MBE ISV TiThh,

C. BIR#HER

hMAP?2 promoter SRR [FIEZiE, IE5 B &M K
OELAS AMREAR MCF7 10D/ b AV CTERSIfRAT
AT 0Tz, FDFER, EMEJEHIAE MCF7 1X[F—Tho
23, Nuclei Acid & O NCBI \ZFed#iOfc 5 213, Bie->TC
Wiz, L, BN BRI E MCF7 0 2F& CE— DELS)
Tholclz®, KU RUZESZ pGL3-
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Metluc-copGFP-Neo (ZH#EA L= ([X12), H9 #ifa i e rd
FRATERA AR A 528 L. hNPC (B MERRTER M) % 48 7
VT =ML, 80% 3 7/ MERDIDITHE
FEEE H G528 L7z, Neon (Life Technologies) % i\ T
pGL3-hMAP2-Metluc-copGFP-Neo 77 AIR D=L 7 hm
R —vaZ2iT0 B LI 77 AIR%E hNPC (8 AL
7oo B TE AT 8 H BT LIl E 2 TR E1T
VY, EDHIT 15 HERIZ G418 ZEIIL, MilgnkL Ziar
EATolz, Fle, BIEFEAEB LD, ERAMIBW
THEE % &Y, Ready-To-Glow Secreted Luciferase
Reporter Assay(Clontech) R\ TN T7=5—ET7 &
A&AToT2 (B3)  FREHERE /2 (LR I FIETE R LU
HAA—D T T FNERELIZEZA, GBI
FOEIAA—T T LT FIVRIED R BPROONT-,
BTE., BB R ThD,

D. %

AIFGRNL, NAAN—T VR T AT EE{E Lz R
2 RetEHI A f SRR S (LI AR DREEE 327012,
hMAP2 72 E—F—C2 DL R —F——ERTA
7 Ui 7T AIN(MAP2-MLNCG)F L . #0075 A3
ROBEEERF LIz, 20T v A ZOREIL. Kok
MR 23 PEAR D Sy LRI b L2 & &IZ LR — & —T2
MESE DRBUEM R H.5720 M CHiflan &L~
arBTERVRTHD, £z, hMAP2 BEFZ20H
DBRERTHY, EOLHREEHE TRBINHDOMN
VS TE EARFRBZEAEHEIN T2, Kumar et
al (Nucleic Acids Research, 2006)D &5 D TH D, &
%, UMIRE T 0 — 4 — I E L X TR RSB
DB LIV,

E. &%

INARN—T I T AR L T2 E N E e A
B SRR A LR ORESE T 572012, MAP2 7' RE—X
—TC2RBDOLR—F—T = ZBRTAT LT TAIR
(MAP2-MLNCG)ZHEEL . £ DT TAIRDF LML K
L7z, ZOFER, BN HO £k ES ARG SO % AT B
Ja(hPNC)iZ MAP2-MLNCG Z##& AL, #f& a1k
ICRENRFEEBLOEN ARV T 7T ERIE LT



JRAETF BRI ESEERMBIE ((LEWHE ) 27 HHEE3E)

WroeoEREE

LZA, LI BT DOE YA A T T ViR
D EREPREDLNIZ, ZOFRRIY,
MAP2-MLNCG-hPNC MR S OE 3 TF
770
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e R &
TGGCCTTTTTGGTTCTCATCGAATTTTGCTCCATTCACTGGTTCAGGTTGCTAACAATGCTGTAAAAATTAACTTATTTATTGACATTTTT
CTCCTTCCCTTTTCCCCAGGAAATAAATGCAGGAAATTATTCCACACTTAACCTCCCTACACAAGGGCACTGTAAAATAGGGATATTCA
ACTGCTAATTTCAGTTGCTAACATGGAGGGGATACAGATTATGCCAAAGATTGAATTCTCTGCCTGGGCCCTCAGGGACTGAAAAGCC
CCAGGACCAAGCTGGTTGCCACCTCCTTTTGCTTTTGTATGTAAATAGATTGCCCCCAGAAATCACATTTCTAATTCTCTGTTTTTTTTTT
TTCTTTTTCTCTTGTAAGGAAAACATGGCCAAGTGCATAATTATAACTGTTAAAAGGGTATTGAATTTTCTGTAGGAAAATATACATAAA
TATATGCATTTCTTTAATGAAGATATTTATTTTGGAATATAAATAAGCAATATGCGATAGTTAAAAATATTGTAATTATCTGCCAATGACAA
AACATCAACAAATCTCTGATGTCCTTAATGCAGATAATAAAAATTCCCATAAACTAGTATTTAGTCATGTCCAGTTTGTGTAGCTTAACT
TGTTTGTAATCCTATATGCCTGAAAACTGTTTCTCTATTTAAGCGGTGTGTGTGTGTGTGTGCGTGCGTGCGTGTGTGTGTGTGTGTGTG
TCTGGCATTAACACAAAGGAGACCAGATGATGACATTCATAGGCTGATAGACTCGACTCCTGGGGACACACTTGGATGGAGGCAATTA
AAATGCCTGTCAGGCATTTGGTACCAGAAGCCCCTATGGCAAACCGCTAAATCGTAAGTGAGGGCTGCATCCTATTGTCAGTGAATGA
TGGCGGAGCTGAGTGGCTTGTCATCATTCTCGAAAATTCTGAGACTAGTGAGCTCTCTCCCTCTCTCCCACTCGCCTTATTTTCCTGTT
CGCCACTGCGGGGACTTCTAATTTGCAGCTTCCCTTTCCCCGGCACACACAGACACGAGCTGGTGGCTTGCAGACTGCGTCTGTCTG
GAGCTAGAGAGCCAGAGAGCCAGCCTGTGGGGATAATGCTCCCGGAGAAGGATTCTGCAGCAGTTCTCAAAGGCTAGACTTGAGTG
GTATTGCTGCATATGCGCTGGTAATGGTTTGGGGCTTTTAATTTTATTTCGTTTCATTTTCAATTCGTTTTTCATAGGATGTGCTTTATGTA
ATCTCAGAGTAAAGATCTTTTAAAATTCATTATTGAGCTTCCTAAATATTCAAGTACTGCATTTTTTTTTGTGCTACAGACCTCCAGGCAT
AGATTTATTATTTGAGTATAAAGAATGCATTTGCTTACTGGTGAGTTATAATTTTTGATATTTAGTTAACAAATCCATATATATATATATATAT

ATGTTTCTTTTGTTTTGTTTCGGTAGATTCTTCAGCTTGTCT

X1 pGEM-MetlucCopGFPNeo (ZEH A D hMAP2 7'0E —& —fHIR D ELF
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ik ek e

Xhol 32..37
MAP2 38..1515

Amp
Hindill 1516..1521

Xbal 3865..3870 . 3069..3863

X2 #EATTAINOIEE

KRRV a—v
FEERONY 72 T7—8T A
LNPC transfection A
1578 o \
Day:0 1 8 12 15 26
| | l | Gaiswom I I

ARE RS Sy {L i

X3 MAP2-MLNCG-hPNC BB FER DT DT > A1l
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R EE AR ERES ((LFWE Y A W5 EE)
e EgE &

ErZREtERMRR/ VT —ERERICB T HREFRREFEBROMBICET TR

HRSEE
-0
REKE iR

HREE

BEOEFED G 72 5 ES Ml N iPS MAIC R —EREE, A—BER LAV Z—ED
LEDEERBREN P SN L2 RBE LB EORETFRAER~ A = 7&K
W DWTHIZEZ AT o 72, TOFER, 1) FHLOWEBEFREBIEMICE S m AR MeE
R ZERFEEELZRTRE L, IEREV b/ 5 A Z Y v rRELmMES -, 2) Hillok
BFry NI FRNETH DB EFBRET A EAWVEEER Y NT— T HEZAT
ST, EbIT, BERBRONA ZV—TFy NENE LT 57120, 2HOKEEZ —EIZD)
FWNEB TR CE HTE LTDNANN—a— RERAWEw L F T Ly 7 Ay
¥ I kL RNA-seq IEDRETZFT\, B & LC iPS MIAAFFERT CAFRAIRE/: 5 O
#ifE (201B7, 454C2, 253G1, KhES1, KhES3) % 15 T oMW e Bz FRBEMITE2 DT

M1BEO Y —7 Y —F o TRIERREIZ LT,

A. TIRE®
ARFFETIB EER TOEA S BENET L
FBENEME LB E OB L LD HRI T O Bk

FEEERLU SRR EL TORK T 1P/ N THY,

NARN =Ty DBy T ) — R EATO Z REMERE
fa s AT bEEFET DD THD, Fox DI IL—7 13
DT N—T THELIEBETFRET — X BLOE
v —A—OBRHEBREZZITRY, BEDERETAE
WA EREEDEORER VT OREL IR —IZ
—ERREOERFEERANT TR 74T+
JAFEEFFE T D, Eiz. iPS MIGAFFERT ORI Sa 4D
L TR RF LRI SRR SRR DO (72
NAAN—T MBI F BB AT BN 2 A% 35,

B. IRAZ
D HLWVEGEFRRIEMICE D ONR FRERS
THFEEE

~A 0T VA ERBEBEFRRT —F DIEHRIITT
— ZRAFET EORIETH 0 | BisF ORBIEN % H
WA R N N ThHBEDa v ARD D,
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LU NERLT — 2 & 2 2B EMNTEIT 72 R0
DR, B2 IIFRICREL T — 2 F/MLT5
B~y S OFEZEE L,

2)BEABKXETLEAVEZEERY FTO—VH#EE

THWETHWZARAVT Ry N —7 OHEFE T T,
AYITEETF RN =7 BEREIRZ TODD DR
R, BRI FIECIDBE LT RN — 7 2R T N
BH5, ZNETHNTNE GGM (T T 74N TTT T
VET V)| CrossR (AR ZHFEBIRED) (TN A . REIDF b
U — 7SR T &R R R s F R RE T D0
BET RN —IHEEEERFE LI,

3)DNAN—a—FZAVEILFILY IRV
JLtzJL RNA-seq kD& 5t

BEFR Y N — 7 OHEICITBETFROKN 4 fF
OTF—FmBBLETHY, 1 {LEYEICOE 10 &EB
FRb, SIREARFS2 ) E—FT400 2S0OFT—F N
BEEIN, 20 ke bars hr—AREbLED
FTH 10,000 FLWT—F EZRIETHI LT,



BTG BRI AR MBIE (LEWE D X 7 FEEE)
MRS EREE

EBRE~DABENPKE DT, T T, Y7t
ERWEFEICLY, 1 EOY—F 9 —fFHT T 96
MIRT — 2 2BET2 LN TEDYAT Ly
A RNA-seq FIEDOBF Z AT,

(REEA~DOER)

RERZEEEHERCIIIEOHGHRERES 1 ZELT
FOMBEOBEEEIT> TS, LEFEEPLESN
HBIETRET —ZDERBTICONUL, WEZEE
ETHRRDLERRNEHBTS L, B TOEITR
W, F2, S EIO ES gk O iPS HIARO FEERF Az
WTh, B4 BETR O 1PS MAAFFERT TIRIHL TV e
N ES RO MEK - #RER S3 GBI DHF5E 1 IC N ES
. FE7 iPS MR OETF AR SV TRSEEAT
STV fm B TORBEIT RV, |

C. IR#HER
) HLWVEGRFRERIEGICE O ANAR MEERS
EHFEEE

BIZFRET —F OERITH L THM R FER L

LU CRBNEMZ AW AR TV D, Fox i,

BRFRBIEM T — & 2 BT, BUEETRHE ¥
—VBRBREITOHE TCORBELFEE LTV, BED
T 7 —FER/MET D ERK % % PARCA

(Pairwise Ranking Component Analysis) 5% BR%E L.
BGEICHmE L GAX 1), AFEEREEOFEET
& % LDA (BRIEHIBIMRHT) . PCA (FERLH52HT) . NCA

GREBER ST S B L TRICH T I —F —F D
ZERSBEPEN TV ARREN T LN (K1), AF
Hx, flE LTIiPS MlOBGEFREAT—% 73 A
7T VAR LEZEZA, 12 v AVFT T T
F— AN BRBIRKT — &y hThH-THiPSHIE
DKM L2 EVERET SO KR END
ML (R1),

Distance function

o
5 2=

Ranking error

ED

PO

s
NCA
PARCA

830

068
083
B.58
0.08
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F1:10 EOBFMBORLS iPS M) 5 b fetal
skin fibroblast i3 50 T — % DA ERE LR
ED: Euclidean Distance, PD: Pearson Distance. SD:
Spearman Distance. NCA: Neighborhood Component
Analysis, PARCA: Pairwise Ranking Component Analysis

2) EEABRXETLEAVSERY bV T
EEEE TIKEELTHNWEORMI VTV, @
GGM, @CrossR # iV =Ry FU— 27 FIEITMZ T,
FLL MBEFBRRET V] EFENDFHEICLDX
v NU— I HEEEAT o Te, RFIRITELBEF Ry hU—
ZZBTLEBFHOKERFREZS A LT MIRE
WETHFETHY ., By NT—J 13T —4
EMEIILMLTWD (K2),

F—2 ik, —EEED 15 bEmERWT, 9 &
f5+ (GATA2, Lmx1A, MAP2, Nanog, Nestin, Nodal,
Oct3/4, Pax6 and Tujl) DF vy NV —7 ZHEFE LTz, K
Wi % [EEE%4% GLOBAL HEALTH 2012 (8 FE L7
LA NAMR—R—EEZH Lz, GHiX4), i
RrLT, kEBHDO I B,
Diethylnitrosamine, Thalidomide {Z-2V N CEEM 72 5T
Xy hU—7EBEGNTE (H3),

Acrylamide .

3) DNANN—a—FZ#RHWEIILFILY IR DY
JLtz )L RNA-seq D5t

BETRy BT — 7 OHEEIII R 22 B E R4
BB, ZZTC VI NN ERWERECLD,
1 DY —7 % —fHT T 96 Mla7 — 2 #5715
TENTEDLTNF T Ly 7 A RNA-seq FIEDRHS
EiTolz, Fox BB 72 FIEIL DNA N— 22— R
fal AN THRMREFZNTE DFETH D,
Fex LRICT AT 7T Sweden @ Linnarsson ¢ 27 /L—
TRBEIC SRS LT\ e, MR RIS
T 52 & CTHFEM LB 21T o 72,

ZORER, 5 MOBHME (201B7, 454C2, 253G,
KhES1, KhES3) R =7 A 7 ¢ — & —Hfifild (SNL76/7)
15 @ OBV B FRBEBT DT 1EOY
— = CRIERRICLE (B4), UL,



BEAFBR N EME ((LFWE ) X 7 7 EZE)
W RmEE

B L7z mRNA OER+55TRW2D, FEICHK
BRMERZ EPRBENT, Eo, WEN+STH
o7z 6 BEFERANTA YT 2y NU—27 &HE
ETDHILIWbRII Lz, AFEZ, ZHLET PCR
DRRTHHBEFBROGNEERTED HDT
BV BEOBEE — BRI R B TR
T CE A AL AN~ MEiTE LTSNS,

D. EE

SEEIIAEEE O HLEWMHE Y 2 7 HREE
FHeRHERT T L IY ALICKHT B RS
BT — & G OREME(LIC BT A IF5E) 2 S LI RE
ST AN—T v MO S EERIRIC L 5 EHE
TNy T U= AT AOBRERLA LT, HRKE,
E T BREEMFZEAT TR L iz spflikic ~— 7 —&fs
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Abstract

Zinc (Zn) deficiency in utero has been shown to cause a variety of disease states in children in developing countries, which prompted us to formulate the
hypothesis that fetal epigenetic alterations are induced by zinc deficiency in utero. Focusing on metallothionein (MT), a protein that contributes to Zn transport
and homeostasis, we studied whether and how the prenatal Zn status affects gene expression. Pregnant mice were fed low-Zn (IU-LZ, 5.0 pg Zn/g) or control (IU-
CZ, 35 pg Zn/g) diet ad libitum from gestation day 8 until delivery, with a regular diet thereafter. Bisulfite genomic sequencing for DNA methylation and
chromatin immunoprecipitation assay for histone modifications were performed on the MT2 promoter region. We found that 5-week-old IU-LZ mice
administered cadmium (Cd) (5.0 mg/kg b.w.) have an elevated abundance of MT2 mRNA compared with [U-CZ mice. Alteration of histone modifications in the
MT2 promoter region having metal responsive elements (MREs) was observed in 1-day-old and 5-week-old IU-LZ mice compared with [U-CZ mice. In addition,
prolongation of MTF1 binding to the MT2 promoter region in 5-week-old IU-LZ mice upon Cd exposure is considered to contribute to the enhanced MT2
induction. In conclusion, we found for the first time that Zn deficiency in utero induces fetal epigenetic alterations and that these changes are being stored as an

epigenetic memory until adulthood.
© 2013 Elsevier Inc. All rights reserved.
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1. Introduction

The malnutritional status in utero has been shown to affect the
progeny's health and disease states later in life in humans as well as in
laboratory animals. Low-birth-weight babies resulted from prenatal
malnutrition can be a risk factor for lifestyle-related diseases, such as
ischemic heart disease and diabetes [1-4]. This hypothesis has been
widely acknowledged and expanded to the concept, named ‘Devel-
opmental origins of health and disease (DOHaD)’ [5]. Recently, rats
that were grown under low-protein nutritional conditions in utero, or
had intrauterine growth retardation have been shown to develop
hypertension or type 2 diabetes later in adulthood [6-9]. Moreover, a
plethora of published works have shown that extrinsic conditions
in utero, such as nutrition and environmental chemicals, affect the
propensity of the fetus to develop disease states later in adulthood
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[10-12]. Although the underlying mechanism is still under intensive
investigation, there is a widely-acknowledged view that epigenetic
alterations, namely, DNA methylation (the covalent addition of a
methyl group to the 5’-carbon of cytosine in the CpG dinucleotide)
and histone modification (methylation, acetylation, phosphorylation,
ADP-ribosylation, and ubiquitination), play a pivotal role in the
expression of particular genes, which will subsequently alter the
physiological status of the whole organism. Gene expression is
suppressed by DNA methylation of the promoter region of a given
gene [13], whereas histone modifications regulate chromatin struc-
ture and alter gene activity [14]. Such epigenetic alterations could be
inherited by succeeding generations [15].

Experimentally, a few studies have shown that zinc (Zn)
restriction during pregnancy induces disease states later in life. Rats
grown under prenatal or postnatal Zn restriction have been reported
to develop hypertension [16] and impairments of learning and
memory [17,18] later in adulthood. Pregnant mice fed a Zn-deficient
diet in utero have shown persistent immunodeficiency for three
succeeding generations [19]. Zn is an essential trace element and a
key component of approximately 300 enzymes in various types of
tissues [20,21]. Zn deficiency induces various disease states in
humans, such as immunodeficiency, developmental disorders, alope-
cia, dysgeusia, skin disorders and anemia. Vegetarians [22}, elderly



