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AN R YA FEIZIRE T H LI Lo TAL D K9 e =t r /
LB ERHL D 5% 7 5T A K DNA A FALBENTIER 720, RIFFETIX, ATV
it CpG DI % #7795 methylated site display (MSD) #%2EZR L. Zh % amplified
fragment length polymorphism (AFLP) E#lAfibt2 2 & TRA T IALSERE % S -
RRIEIND T ) DU A RICKH T& S5 MSD-AFLP i£%Bi%E Lo, IRICZDF
Bk v ) DL E LD & OHAED B 5 bisphenol-A B &Rk O AT I8 A L7z,
ZFORER, A OFEBREMETIE CpG A FME~DOEEITIZE A EBN T LV L

7’»
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FT1E i
1.1 =¥V XT 4 v 7 A& DNA A F L4k

TV RT 4 v VEMO—>ThH D DNA A F/ALDIRREIT T FR-C iR s
ENDTENRENTND L, FHEEM D A F 14k CpG 1L, methyl-CpG-binding protein
(MBP) LA L. co-represseer Ot A b T B FNALEERE Z Y 70— b BH T &
Tr/ua~F L VETY VT EFET S I LICL D BIRTRAEMET S P, Lo

T, ZORFIIDAFECCIBAEBSE B ORKIC/ D Z ENHLILTVND,
1.2 developmental origins of health and disease (DOHaD)

A % U ADEEF David Barker 13 1980 AU ITICHREE N TIT o 7o FiREICE
WTL IRABIORREIRED T2 OIRARE THZAE Lo i3, sl AHIZ B W GEBIR G
PR 0K m ST T 2 BUBEIRIAE 2 & W o T ARTEEERORIE Y X7 BEE
WCEELZLEMLMNT LI, ZOHRE S LIRS TRAEH OB IREIX
AN 1T 5 DM EFEFECRBIEREREEDO Y A7 KFTH L) L) B 41
Barker it ! & LTCHIBILD, TORIT. £D%., WBAY - AR ORFBRECR
BEEER AN EIEEEIR OB 6T Z OMORBEDRRZ AR HEERT 7 7 2 —L
729 95 % L9 Tdevelopmental origins of health and disease (DOHaD) | & FRiEiL 58
a~ SR E AT DY FORAERFIIRTEIA SN TUIW R0 JRIEA~DREER
FRENTE D = RT 4 v 7 REZGI S L, TUBERETERD 2 MK L

R ST g 819 (Fig. 1.1)



1.3 {bFWEFH R DOHaD D EH4i

1990 FEREEITITONTZT A Y W ENOEFHRIHFAEIC L > T, REBIZE TS
TLIXZ DIEA~DORRE & H/EROTEEXRMZEMERETE (ADHD) JEJE & OMHEAVR S
NTW5BH 20 Fio, 72IEZ O TCDD # X Ui & L= SR EFRRILKEE ETeT
A — B VHEHRL 7 D RR AR & Sh IR 351 DIREEIC K - T, Win B0 E 2R fERRIK T
HO7 PE—RRELSLT K RDEVIMELH D M, S HITHAEH D A F LK
T IPHOMEL FA S, MILEDCHRKFICRDZENT r~—27 I8 T 5=
R— MIRORERRB I TND 2, Zibo@E X, MAES - FrERMoEwE
BREE &V O REEER N Z DR OBEBEFE L2 L9 T, B MEFIZE T 1b5W
B #%8ME DOHaD OMVRIBI T 5, b MEHICI T 2L EFE 7 DOHaD (24
DG B b 25 H D, ERICHAEMICIREL 5 7= EL R RERIC, &
FRRRBICREN K Z 2008 9 & W O RIERZRFEIL 72\, £ DO 7- 8 K[E, #E, =
— By REE LD E LEAETRES R — FAERE ST 5 208 TAEICE
Th. REREITECE, RAESD» /RN NT TOF W EREN ., (LR - A45E,
SR, FERIRIRIEE, S « 7 LA — RE - AHOWRED T L b ORI
T e 52T 5 LEOBENG BRER ZHOITRET 10 THZXTRIT, 2027 £
FTORIME 2k — MEAA [T £ 6 O L BREICET 2 2 EMAE (=2 F L)

22011 N BATHOIN TV D,

14 EREMICBIT O2REFIMEOKRERRE LS ) &1L

FEREY T, (CFWEICL D2 =T 4 JREANGIEEIESND Z &0,

A FIVKER, diethylstilbestrol, vinclozolin, bisphenol-A (BPA) T#E I T\ 5, AF
9



VKR ZEIRAERICREFZE S -~ T AT, K% O 9 HEIZB WV THEE T brain-
derived neurotrophic factor (BDNF) 3&{5+® DNA A F /AL % T L. % D mRNA
FHLL VW 20%IEER TT 5 & & BITARLZITENERIND LW MERSH D 2,
diethylstilbestrol % “£1% 5 H [FIREE S 7-Mi~ 7 2 TiX, RIS FE D lactoferrin 18
ZFO7vE—4%—CpG THBIED 9 56 DIRA F/ALDBEE | FEDADBSLIE LT

&l Xz 30,

Michael K. Skinner & 13, vinclozolin Z 44T » MG L TAHEENTAFT v FTIE
FERIREL DT 7R b — 3 AN LRS- 28 U 2 OR%873 . [E42 vinclozolin D #5-
EINTVWRWFEA RO ZOBRICOBE SN L ®mE L, ZoRETIE
AF AL D EVERI IR FERT 3T a8 A FAALIR D DME R F AT DG 72T
— APRDIR SN TRV, KD lysophospholipase (LPLase) A5+ D * F 1Ak
PHARE B X TRk SNz Z & 2R3 7 — 2 BiR &, BHEENEET L &0 )

ASCITER 2D, L L, FEROBRERIFIC X 5ERICB W TR AR 5T

IATFIENEE LR Do 72 2 L 3E D% Inawaka H I K > THE Sz 2,

BPA % JRAEMNCIREE SI7= T v b Tl phosphodiesterase type 4 variant 4 E{n+ D
DNA (KA FALRA U, RISZHRS A DFIERNGEITHM L7 L W) mERe Sh
7= 3, agouti yellow ¥ 7 A% agouti {8151 |24 A S 417 intracisternal A particle @ k&
VARV RN LY BENEL SNDH, RS BPA IREEIC KD Z ORI 10%
BIKATF UL END Z & TEREBANHOIZENT D Z ENRENT N, £, vU A
PEARAI 2> AR B D BPA (20 pg/kg RHAHE) ZBRE L, IR 125 HH®S 5T 145

H B OIBF#M4 D DNA # T 114k % restriction landmark genomic scanning (RLGS) £ T
10



T2 T A, BPA IZEVIRATF AL ZE Z LeEs T & LT Vsp25 Bt S

35

o

ZOEDIZEL OEWERT - PHEINTEY, b FOMldz WclisE bE
D5HERBIITET ) DEAZGIEEITZEPRESN TV OHILFEME L LT
FEERLOETTY 15 HEULZOHELD 150 LLEH D DD, Inawaka b
? vinclozolin O FFHLFBRAE F 2 ITRE S D K 012, AT ISV THIBMEN e

MTERWEFIRZNONRBIRTH D,
1.5 iR SCHFzED BHY

DNA A FAbIE, B R b DA F AR T £ F IR TE I ZE TH S
Z b RIMRECEIE NS LR FRE TOEM T2 N TED W IFINE
B+ 5, #WEER DNA A FIUALMEHTICEB T, restriction landmark genomic scanning
(RLGS) 7% <° Hpa 11 tiny fragment enrichment by ligation-mediated PCR (HELP) £ **
4 methylated DNA imunoprecipitation (Medip) 1 & %\ 3 whole genome bisulfite
sequence (WGBS) £ P e EMERHINTE, LirL, WTIOFES AT D
HIREOHWNZITANTIED, o TR TRESICEE T 555 ED CpG A F /U LHE %
ERET DL, BESEERICBWTEHRRLETH -7z, £z, #EFHREET
B2 72 B OBFFRIC BN T TN TN D X FIALINT TlE. 2RI b LT
FLEIZ K VR S N THB U E B L UM Z x5 & L TR Y | ~7 aflfatiH % O
EFELFEVOREIETDATF AL CTHD, —FH. LIed-> T, ElE L LTH A —
T b LOVEENRWHIIERED DNA A F AL EAL L7285 A ST L=kt o 2

MEZEE LTI T MM fE OB Ic F-HBUTIE, ZOBEL D b RE 2L
11



(EAECTOEBAELHVES D, $RIT, ZEY ) DELERNT 512479 . /h
SAREBERETE . PORMEHRCEEMERH Y | & MEFSECEATES L5 %

R % RIRFALEE C & 2 LLRRIBRIE 72 7 ) DU A RIRFENBEL STV D,

% Z CRAD AL SO FERREIC BV TR, e = ) 2B (b2 TE 2 &
VIKEE LIREZ A LTz CpG AT ILBEE T e 7 v A4 U ZTIEZFTZICBR L, K
FUEEBREACFERRIC L 25 ) ABUETEH T2 2 & 2B E LT, 1t
FWVE L LT, FRAEMIREE T DNA A F UMb bE R 22 LD T 5

BPA FfRatxfg & LTz,
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EF9E)

%R HAY
= gl

g
g >

Fig. 1.1/L* & #%%ME DOHaD £ 7 /L
RRA~OREER 1 ((LZWE) MBENTES ) DB LEFIEEI L, ZTNUNERE
THRD Z LIS E D EBE L IEMENIORRERIESE S,
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% 2 F methylated site display-AFLP (MSD-AFLP) DB
2.1 BrEEE R L BRY

7 2T A FIZ DNA A FIARIRIE Z MR 9 5 FiEIIE L <HFET D (Table 2.1)
INDDHIEDERLDIZONT, TORPTEEMZUTICONRS, A F ALK
il RR % 3R W7 Fr & O 7 L L C 2 RJe 7 VBRI % restriction landmark genomic
scanning (RLGS) " <>, GC V v F R IR A EBEMICHIET 572D T7 1 S
TAEE DT T A ~—% H\ % methylation-sensitive arbitrarily primed -PCR  (MSAP-PCR)
ENIZ OB ORIESOEM TH S, L, T b DOFEITBHERE 2 Y
W o L BInTFENIRIE E T OB m, EEEP A+ Th L5 80

SO NI 720,

—J7. DNA ~A 7 a7 LA fENTHEAN DFERITHKIL L T, 6 HIEREmMEFE O Smal &
Xba 1l #FIH LT CpG 74 7> RIZEBITFH AT/ CpG fEIEE T L A T 5
methylated CpG island amplification-microarray (MCAM) %3 <0 2 F /AL D B 7
% isoschizomers |2 X AVHLFEMIRHI T L, ENENT X T X —F A 5 — a V&I
72 21810 PCR HEIE 21T\ LE#E 9 % microarray-based integrated analysis of methylation by
isoschizomers (MAIAM) 34, Hpa 11 ° Msp 1L R LT ¥ 72 —F A4 7 —3 =
> %4 L7z PCR H4lE%1T 9 Hpa 1l tiny fragment enrichment by ligation-mediated PCR

(HELP) {£ ®# 2 USRI ST E 2, L L, ZA 6 DTk 1300 & A2 il BRE%

oL PRE SN D DFHETH 2,

—J7 . BANTHRIE L2 WTFEE LT, AF UK DNA ZH A F by b o HifRse

AF VL. DNA f5&EEH'E (MBP) LA SE TR L, 7 L A f#HT9 %5 Medip-chip®-

14



8 L methylated-CpG island recovery assay (MIRA) P BAMEH I N TE7, L LENET
[ 3D A Ffk DNA 75 Ii3E % O CpG HNLIZHOWTOTEBMIHEREEDL Z &
TSk 72, F 2L EIRNICH S 4 D CpG A F VML & 5 IZHITETOFE

PBETH S, MA TIRRNR5 TRAT L2 EE b AT 5 KD 5,

VTAEBH P S UL RS D 2\ Tlumina Infinium 134 ED CpG M+ 25 L9
single CpG L~V OfGEZ BHE L, Tl (XML 774 8 AL 5T b
V- T VVERBEO VIERMREOSERIRT 5T LA fETETH D T, Ll
RO T Ty N7 —NFIKRO 3OOMBERH 5, F—IZBURTILE Nk
OFREHZFHE L TV D, AT L7 7 A MLUERE RN, ALFEIZ LD EUS O
728 DNA 3z | S EZTEM b & 5, AT, REMWDE EKDHIEATF LY
RV L1-5RFRE L DW|ELH D B, I HIZ, A P77 A MLEE D PCR X,
IR I DA I L D EHOE D SRR CHIE RN R o T LES 2 &
PEHEINTND Y, B2, 2L T LA ZHWS FETIE, RN TR 571

ANAT VA B =V a OB ez T 0T HEOHRPENETH 5

W — 7 = — % W 7= R O 5D TRV whole genome bisulfite sequence
(WGBS) 5% biTHFEM S -o2H 257, LR ENLERTZD, ZMIEOHAE
B DE MR TR RNETH D, £ D72, flliREER LI X 0 Rt
— 7 Y —THAMDESI] tag A O T Z & TREZHIT 5 reduced
representation bisulfite sequencing (RRBS) 1% 2[R N7, L, NA L7
7 A N ZE DDA TIX, FEAXA T LY U BT T U A~ERR S TR

BB D AR A3 D72, BfS L72Bld7 — & % reference genome BEAI 2~
15



B 7T D B ERSISE A~ D I A~ v BV T E A UR0T < R O (R 03 R T
b5 S, FEEE MiSeq 2000 (INumina) T H 25 KRR PR AGE 0104:H4 strain 280
D) B—D 2 T ETOTRED~ vy B TERNO5% Th - T=DIloxt L %, E
NHETEC & % HiSeq 2000 T~ 7 A WGBS i 217 > 7-BE D~ v B2 7KL 66% T
bHot= ¥, Lizi-> T, WGBS HTICBWCILEE (F— S % Fitelldh) #meftd
B2 EIC XV EE AT H7-0I2IE SNP fiffi7e & D X 9 Il A AT h e\ Wi
BEVBENIEZ DY — FEPKLET, irRE R bR a v v a— 2 —iroAa
(RN

T 2T B E S HITHIINT 28U 5 Medip #° MIRA (£ &2 IS — 27 =29
—HIA & LA G DETZ Medip-seq ¥ ° U Methyl cap-seq ¥4 . & LT HELP ik & il
HE DY HELP-tagging £ 7 ® 2 E bR TWD, Ll KiRy—27 =
=2 D5E ., MITRREITEKAREF T, RONICRE CTHRITT 272912132 <0

REZHRERTE T, EEMEZEBIEICL TIRIF L TW 2 028K TH 5 @,

FPEE Tk 7 X512, BB S IR & AT 5 2 L3 TE | #2722 Tk
T2 Sk - SRE TR TE 2 FIEORBERSLEL STV, ZHETIZ, &
N—"" NMIRNRE—D CpG LD A T AL Z B D @k EE IR 5 2 Tk
LT, AF AL M HIBREE S 2 V5 methylation sensitive restriction enzyme-
dependent-PCR  (MSRE-PCR) {£23% 5 0, F 725 CpG Hir D A F /AL % i ik
FEDOE RGN 572 DITHIREERER Z N2 ORI Th 5 EE X bz, Lo
L7236, BEAFED A F VARSI RIS 2 O 2 MR A IR, LT D 2 DD R

RN D -T2, 1) AF /UL CpG BDOFEHH LB & IE A F /L CpG D LB ) HHE
16



ETDHDTFEEZHEHAL TN ENZNZ b, @A T IVBIRIEIZH D5 A F vk CpG
DG 72 288 & RE 2 FREME R B O R, 2) M S5 DNA B iz, iR
M AR EC S I D CpG L= B0 a N b 572, H— CpG L)L DR g
EHTDHTETIER, ZO7D, B Lz A FALELR ED CpG HALD A F L

(EEALZ R L7286 DT 20O TE 220,

Z T TARMIFETIX, A F AR ERIBREE R 2 N, mOLBREE ) & ks
JEZ2 N SH . A TFIALEMNLO & [E4ER R T 200 H O %1 F1E methylated site display
(MSD) ¥£% B % L 7=, Z ® MSD %I, amplified fragment length polymorphism (AFLP)
NEMBE DY, AT IULENLO T ) KT A KT a7 7 A V& BT 5 BERAR

% (MSD-AFLP ) #ikEt L7,
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22 HiE
2.2.1 BRI

LT O RIEZFEIMANICTLE T 254K VA LEM L7=, CpG methyltransferase
(M.SssI) . T4 DNA ligase M OVHllFER%58 Hpa 11, Msp 1, Sbf1, Stul (New England Biolabs,
MA, USA) ., EpiTect Bisulfite Kits 35 J2 Y AllPrep DNA/RNA Mini Kit (Qiagen, Hilden,
Germany) , & fiA Y X7 LA F K (Operon, Alameda, CA,USA) . 7 BV UG
% B — R (Dynabeads® M-280 Streptavidin) (Dynal, Oslo, Norway) , Titanium® Taq DNA
Polymerase % OF Loading Buffer (6x) (Takara Bio, Otsu, Japan) , GenElute™ Agarose
Spin Columns (Sigma-Aldrich, St. Louis, MO, USA) , Ligation Convenience kit (Nippon
Gene, Tokyo, Japan) , pGEM®-T Easy Vector (Promega, Madison, WI, USA) , Competent
High DH5a 35 J2 OF InsertCheck -Ready- (Toyobo, Osaka, Japan) , LightCycler® 480 SYBR
Green I Master (Roche Molecular Biochemicals, Mannhein, Germany) , POP-7™ Polymer,
GeneScan™ 500 LIZ® Size Standard ¥ X TF BigDye® Terminator v3.1 Cycle sequencing kit

(Life Technologies, Carlsbad, CA, USA) .

222 B

HAZ L7 (CLEA Japan Inc., Tokyo, Japan) £ Y i A L7- 13 B O/ C57TBL/6) ~
U AN 1 BRRICSEMERL IS X0 BBk U, Tl Bl 1S 20K RIS T L, RNA
72 B TNT DNA ST ICEORE IR AT LT, 7eds. B O 0 R OB EBR X, HURK

RN SRR N R RN L U ZBREMW R B = DR 2 15 TIT o 72,

18



223 4/ 5 DNA OFFRLE X 02 X F /11 DNA OERR

/7 7 2 DNA [, [ CSTBL/6) ~ 7 A 3JCZENEhH Bl U= 3 EFEOMAEE (I

==

. IR, MEE) KV AllPrep DNA/RNA Mini Kit (2 TRHRLL 72,

72 MSD-AFLP {£O BFEMHEOEZRE A 5 NZ ALFP B — 27 F % — Kb A F 1k

BEFE (methylation frequency: MF) {4 R 3 2 BRIZEEHT 2 BB TT R TD CpG 73

=

AF AL S T2 DNA (42 A F /UL DNA) %LU T OB T L 7=, Ko C57TBLI6)
7 ADEN&S / 2 DNA 2 ug % CpG methyltransferase (M.SssI) "C37°C 1 FffiA > 5%
aN—T g, GlERVT 65°C 20 A U F a2 X— g L7IZ&IT AllPrep

DNA/RNA Mini Kit THHL, ZhE 282 AF/LELDNA & L7,
2.2.4 MSD-AFLP 885 4 75 1 —

MSD-AFLP #£?D 7 1 —F v — k% Fig. 2.1 [Z77 L7=, MSD I%, CpG % & teld—1
FEROA 2 589 2 I BRIE#ESR (isoschizomer) T A F /AWK D H 702 2 2 Fl¥H 2 % TH
AL, AFIMEENE DA Z R T HFETHDL, TORMITRO LB THDH, £
A F AL FEREZ MR TREE SR 12 L 0 YW U CERL L 7= DNA WG IZ 7 2 7 % —IZ X % tag
1 24T\, IZ isoschizomer BIFRIZ 3 D A F ALK MEHIBREESR CHET 5, 2
WX VIEA T IALWIRICHERE LT T X T X —DHRDBEBREIND T2, A F /L CpG %
KIwZ & DW T OAPEAF S D, R X TERMA L7z isoschizomer ¥11E Hpa Il & Msp
I D2 HIREEE Th D, FIEOFEMICEAL T, L To@bh ThHoH, 7/ LADNA & %
THLE D A FIALIERS M IR TS 228, AFRSCCITEE O 2.3.1 I3k

% X O CHIBREE SR ShFf1 #8:H L=, 7/ . DNA % Sbf1iH{tt%. T4 DNA ligase % H

19



WTC BT UERIL SbfL 7 X 75— (T X7 H—A) LidfE Uiz, RIZAFALIERK
SVEHIREESE D Msp 1 TIHIL LTz, ZOEMZ T BV AT E K B — X (Dynabeads®
M-280 Streptavidin) THii#i L, ¥ > 7 7 — (5 mM Tris HCI, 0.5 mM EDTA, 1 M NaCl,
pH7.5) & 0.1xTE (1 mM Tris HCI, 0.1 mM EDTA, pH8.0) T¥#f L 7=, <D . T4DNA
ligase & VN, Mspl 7 X 7% — (7 X 7% —B) ZfiL., ZOEYEFOVERZIC
B — X T A F S PRI BREE SR O Hpa 1T THIL L7z, Hpa 11 {8/t Xi17= DNA %
B PEE%,. B — X LT pre-PCR-7 7 A ~—%HW\WT PCR 217-72, Z DG
ZEINA PCR O T (77 ) —L Uic, ERATRIMER L7 72— 754

~—FdHIE Table 2.2 |Z- L7~

2.2.5 BIRA PCR & EBEXIKE)

MSD-AFLP Di#4RAY PCR 1T, SElZ#iiE S 41TV % AFLP & "M ITHE - 7o, 3 IRAY PCR
M7 7A4~—L LT, ZNENOT X7 ¥ —EFNIINZ THEIZ 3 M 2HFHEAIERE L
72 16 D Msp NN 77 A ~— & 16 FEH D SHfINN 77 A4 ~—Z HE LT, 128,
MspI-NN 7' Z A ~—® 5 ¥iild 6-carboxy fluorescein (FAM) ~CHtYAZHE L 72, 10 pmol
® Msp I-NN 77 A ~—_ 10 pmol ® Shf NN 77 A ~—, KHik 40 nmol @ dNTPs,
Titanium Taq DNA polymerase buffer, Titanium Taq DNA polymerase Z V>, 10 uL @<
JSEEETC 95.0°C 13RS, 95.0°C 20 ¥, 66.0°C 30 0, 72.0°C 2 53T 28 YA 7 )L

D PCR #47o7- EHL7-77 A ~—I% Table 2.3 IZ-R LT,

WO REE R S 72 PCR PE# % Applied Biosystems 3730x1 DNA Analyzer (Life

Technologies) TEXVKEI L7z, WEEHAAR Y ~—I2iX POPT7 % H\>, JKENGA 1 2.0kV

20



10 OEXIFEAL 10KV TSOMOUkENE Lz, =LY ha 7 xua /T AT —H %,

GeneMapper® ID Software v3.7 (Life Technologies) & HiAL version 5.172 T##T L 7=,
226 DNA 7 7 7 * . + DEEFIRE

777 A FORAIHEGRIZLL T OFNETIT o7, 1L @ MSD-AFLP f##TEY), 3.1
uL ORIV LT I R, 0.3 uL @ GeneScan 500 LIZ Size Standard, 3 & T8 1 uLL @ Loading
Buffer (6x) ZiRE1%., 95.0°C LBE 2 43 24TV, BMET v (TOM RFE & &L 4%, 6%,
HHWNT10%RY) T 7 YT I R7N) ECTERKBI 21T o7z, KB THRO 7 V&2
Typhoon 9210 #: . A —3 % (Amersham Biosciences, Piscataway, NJ, USA) (ZTCA ¥
YL, BE T8N 7z ah s VERERFE L TV Lz, B LS
JV i % 50 puL TE buffer (Z={E L T DNA Brfi 2% H L, WK 1 ul % 875 DNA 3K
& LT Msp T-universal 77 A ~— & Sbf I-universal 77 4 ¥v—TCPCR Z{7->72, 55

M7= HENR FEY) O HEBC S 1X Msp T-universal 7° 7 A ~—Z% AW CTHRE L 7=,
2.2.7 MSRE-PCR

A F VA I sz P i) R B% 55 4K /7 #E PCR  (methylation-sensitive restriction enzyme-
dependent-PCR : MSRE-PCR) [ZLA T OFNETEM L7z, FF L72100ng”7 / LDNA%
Hpa 11, F7213Stu ITHL LTz, 405 OIELPEY % 45 % qPCRIFNT L. (Hpa IITHAL
DNA® =t B —%/Stu IELDNAD = B —8) O HSREAMFE L Lz, 7od. Sulid,
FEATAER OPCRIGIR SR NIZFRRRENL 2 S 22N 2 & D & AR O NIRRT
DA E—EHERB T 52D A L7277 A4 ~—D—F & Table 2312777,

B2THOTF A ~—{%. Primer3plus (http://primer3plus.com/) % VTt L. qPCRIZ
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IZ LightCycler® 480 SYBR Green I Master & LightCycler® 480 ( Roche Molecular

Biochemicals) Z{#H L7-,
2.2.8 bisulfite genommic sequencing (BSGS)

INAYNT 7 A MEHLE L ONERIE, EpiTect Bisulfite KitsZ W TiT o7z, /34
V7 7 A b IE% ODNAT Titanium Taq DNA polymerase % F V72 PCREC & THENE L 7=,
fEH L7277 A ~—E5LTable 2.4/Z7~ L7z, HEMEPEY) % Sigma GenElute THEHL L 72
#% . Ligation Convenience kit% F V> CTpGEM®-T Easy VectoriZ 7 A 7 —3 = > L, DH5a
\Z b T AT — A5 LTz, & D%InsertCheck -Ready- % T2 2 =—PCRZ1T\, [
v —2%FE L, PCREWZ A & L TBigDye® Terminator v3.1 Cycle
sequencing kit& M13 Reverse 77 4 v~ — & W2 — 7 = U ARS 24TV, Applied
Biosystems 3730x] DNA Analyzer (Life Technologies) CTHiAEfdsZE L7-, HH L7z
77 A4 % — X Table 24 12 x L 7=, ML, QUMA Y 7 s 7 = 7

(http://quma.cdb.riken.jp/top/quma_main_j.html) %\ CTiT-> 72,
2.2.9 AFLP BT A R DT L AT A

MSD-AFLP L2 L V155405 A F ik CpG D7/ AHEHEY| EONLE %2 THld 5
WX HEFE 9 5 B B T, genome DNA fragment database (GFDB) ¥ A 7 A

(http://122.219.139.50/) ZBH¥E L7z, 723 Z OBRZEITINNIATEE N R E S0 S
FERT DO FE AT 72 & ONTHER S A A R K0 R THEM Iz,

GFDB v 27 AlE, 7/ LRSI RMOREEA Bif 2 F B IO~ U XZHONWT,
U7 7 Lo A7) ARINCEES < AFLP A&7 — Z £l S 27 L8 LTV AFLP 7 —
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EDT ) MMIEY Y BTV AT LIRSS, £ L TRV AT AL, WK
VAT ANBRELNLERET — X RX=2L LT = T Y= HEIL, 7T U
HDT T 74 ANA L ET 2 ANMBIRET D, DV AT b ETHIREESE OGS
o L RRBLANEL ONEBLSTH D EIUREEZFRET 52 L2k, 7/ A DNA
Gl & IR PCR 223 X = L—3 3 L, EpiT 2 DNA WA 2 81k 2 L IRk
RTE D (Fig.2.2a-2.2c) , S HIZENZEIO DNA WA WK L7247 ) AEIEON &
T E . ZAUTINZ TW TN OBLS & NEICTFAE S 2 fth Ol BREESR AL O 42
fitcx % (Fig. 22d) . ZLTCINHDOFEHRITZT ) 2 a—T LIZHEA DT 7 LfFH
TR END (Fig. 2.2e) . AWML T, 5 H4L7c AFLP 7 —# 72 b NS T — &

DfEMT 2 Z D GFDB > A7 AT o 7=,
2.2.10 #EEHEAT

EHENTICIX, #EEHENTY 7 h U =7 R (http://cran.r-project.org/) ZfEMH L7=, &
KA O MF EOZOH BVEOKEIL, — Bl BB (ANOVA) %, ZE#K
fRiE & LT Tukey EEZHWTITo72, S HIT, false discovery rate (FDR) D&
Benjamini & Hochberg (BH V%) ™ Z M\ 7z, & L CTH EKHE p=0.05,q=0.05 D & &,
MEHIRABRBEN DD L Uiz, 1o, AT M\ Z = ORERAL Y 5 A2 Y o Jfighr
1L CpG T & THEMEAL Z B WAL ATV 7 T A Z MO FEREZ=— 72 U v FEREETR D,
SRR OB L LT, TRIBI%R O #FHI 1% GraphPad Prism (GraphPad Software, La

Jolla, CA, USA) ZfER L 7=,
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23 R
2.3.1 FEEIRE—KHIFREESR ORET

MSD-AFLPIEIZ W TIL, MSD-AFLPEHL T 4 75 ) =774 ~—ky N T &
(ZIERAJPCRIC L - THIE S 5256 DHUEM 2 ERi L. T & &5 KE TR L7
RO AIT 5, MHEHITHERNODNAW A &9 L TEHEDER ) NRb LD
ZENEFE LV, BIRAPCRY T A ~ —23BERET 2 W Wi DALY T > & I
AT D EARET IR, LT A 7T U —1E 1 R & 72 0 25681 LLN TR S
HZEMNMSL LTz LR & L CERIKBI BT 5 ECTHANTH 5, & 6ICEXKE)
HETITF Y 7V —BDNAY—7 = —% T 20T, JEFTRESy 113 4
MOk £ 1,000 HHEEE TODNAM A & 720 | A HEEMD1,000 WA LA THERL
END LA TH D, DF V., MSD-AFLPIEDJIE R G4 4 531,000 W7 )7 LA &
725256 DHEM THR SN2 DONRLEE LV, Tiuk, 8T 477 ) —{bEn bl

A OFREH256,000 LT & 720 KO M EIZIEFEVR D2 0 TE 5,

Z 2T DRMICE BT DMl RS 2 Batd << | dkx il fREESE OflAEHE T
BT 2~ DA77 ) LDNAKR O8RS ZFHE L, EE LW IREESR O A& ot
BRI LIz, £9, v~ 257 ADNA AT — 4 (golden path mm9 NCBI build37 :
Jul.2007 assembly of the mouse genome) =12 4% il (R 2 5K AL & 5 € L CALEE %
U A MELT, SBiRBECS NI S TH D B OO, MR O RIS A A 2 5

(ZHEVVEE YT D BN BT 3 D AE A 358D H 7= (Table 2.5)

MSD-AFLP{E Tl N T DEEOF —IKEIREESE (X FALFERS IR

BE52) Wit & BT O Hpa WMsp 18 TEEE 71U 2 DNAWT 23k & & 72 5, Hpa
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I/Msp 11X 4 IR HIREER TH D 72047 7 ADNAFIZ 1348 8 T DO UIWHERNAL A
fAET 5 (VAL T 7 LU AS ) ADNAHITIE3,188,296 # FT AW S LDH) DT,
— R BREE SR OB N A 7eMSD-AFLPR H It A B 2 e+ D Z L icie b, 22
EE LWERKRIEE 256,000 DL T OFRGRELSIE (543241 THE&EREE) S0 %
A5 A FIALIERZERIIRBESE & Hpa WMsp 18 OFAA I X0 £ T 5 DNAKT
F OBES T2, T OFERSH 1, Pacl, Swald 3FFHOHIREERE (W Fhd 8
HRERRERELS) D EROFMHICEET A Z Lo (Fig.23) . S HIZ, GFDBY
AT LERWT~ T AT ) Aoy A T D Hpa TU-Shf 187 4 [ O 8450 A % T84R 1 AL
TEICRR 2oL E DT (Fig.2.4) . ZOSHESM%E S L12, 40,386 Wi (I
TEHPHIZ A DDNAM T 085.4%) MMANL L7- 1 Wi & L CEXIKENI ETE 5 Z &0
HIA L7z, SHIC, 2WA DA —#EHE L R D256 b 3D 5 & EDNAW D FE1297.6%
MPEFRETH o7, F£52.4%1F 3 WA LA ERSFE—8HE & L TARKR LSS0, JIE
TERMROEE L SN KEL D B2 bz, £72, MSD-AFLPIE CENTRTRE & 72 5
CpGZEEEEIT 5 E55, 181 TH - Tz, ZiuE, ¥~ T AT/ LA D21,342,779 CpGEiL

D#J0.3%., CCGGHELH| (Hpa WWMsp TZZ#%EL5) DOFRINVT%IZAEYT D Z L3~ 7z,

2.3.2 MSD-AFLP OFH M
Z 2 L7 MSD-AFLP %2 FEEIZHEHA L T, R—f kD~ 7 2B gEh kD 7 7 L

DNA #EN G, N L CERLT 4 75 U —% 2 FE{ERC L, MSD-AFLP f#AT O 8
b L7z (Fig.2.5) o IR PCR D7 T4 ~v—t v MIMEED 16 FHEATZ, 2

OO LT EBROE— 7 o 758 IT, 42003 B —27 F1 0 1.1 fZLAND 1,552
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(75.5%) . 1.2 1ZLAN28 1,881 (93.9%) . 1.3 fi2LAN2S 1,972 (98.5%) . R?=0.992 T

HY . FHEOEHSEZTRL TS EEZ LI,

2.3.3 HHRER TRA FIALBEE DR HEAL ORI & AFLP B A R R S 2 T AT &
% [FIEH

MSD-AFLP % Iy~ 0 X 3{ER B D45 3 FIHOMA, 7 9 3k DNA X F /L
b2 el Uiz, AR FHEZR 256 18 Y OERE) PCR 7 HAEE D 16 8 V) &) A THEHi L
7oA. 2,449 @ AFLP & 7 /LA fRD CTHEWARELME TR L. O HIS K T A
FNACHELE DS B 70 23 2 AR E T 5 Z SIS Lz, S/ 2 F i 8o —
EAF L LT EIRD R > THIZIE L TWD Z ERbho 7= (Fig. 2.6) .
S BT, 3TEFHOMMEME T A FIABE N RIFRE Tdh o7 AFLP 77V 3| Z1d
S72 AFLP 77 /L 8 DFF 11 ZEVY, TNENDERT D CpG HIL DO YL AR E &
GFDB THiR 4% & & b2, Hi% DNA Wi O ERSI AR E LTz, £ ORE 11 @
DNA Wiy 5 6 8Wih (72.7%) 1%, AFLP ¥ =L —ya U FPELE KL, EV D
SEAHY I 2L —ar b PRLE2O0FEMOIBED 1oL —F L7z, (Table

2.6) .
2.3.4 MSRE-PCR % & OFHEE

WL OMF{E 2 MSRE-PCRE T 4 HIZE L. MSD-AFLPE & DFEEME 2Rt LT-
(Fig. 2.7) . FAFEREID A FNAVBERE LT, 1134 T2 BV TMSD-AFLPE T 7218
YEIRFE L LD TUT < . FFVE & MSRE-PCRIE & TEAMED 3 5 A F IALRIET —

PIEONDHZ ENH 5T, & 512, MSRE-PCREEDAE%THY A F/LALEE & MSD-AFLP
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TEOFRRS R IR EE OB 2 E BRIICRIE L7z & 2 A, W 2358 EE (R?=0.979)

MR LTz,
2.3.5 MSD-AFLP ¥F % — k225D MF fEE H

MSD-AFLPIETCTHG SN A E—2 F v — DL OMFEREH 2 LI T O FiETITo 72,
T, ABMITCpG A F IALALEL % fii L 7= 4 A T /L{LDNA & % #H i DNA % F v 7=
MSD-AFLPIEIC K B8 E L O H 3R %2233 THRE L2 1HEDEALIZ DUV TR D

72o ZAULEMSRE-PCRD A F AL & Oz R T- (Fig. 2.8) .

AT IALDNAIZ T 5 ¥ 7 A faf OB % BrANT 5720, e Lo HFRE T

BiTo72L 2 A, FaoX 1 caland Z E3groiz (R*=0.906) .

MFIE(%) = ( 100 ) GR1)

1+1068-19-x0.01804PSR

772 L. U7 VEREEE 433 (percent signal retio:PSR) = GRELD > 7 B/ 4= A T
IALRE D o 7T ViE) X100& 3 %,

ERROR A&V TMSD-AFLPIE THUG S5 T X TOE— 27 ) bMFPER E %217 -
77
2.3.7 BSGS 7 —# L O L&

233 CRIEL7ZCpG D HH 2> (isolationID44 & 59) [ZBIL T, BSGS £ T 3 ff
DAL D DNA & CpG A F/VRIRRE A it L7 (Fig.2.9) . M L7z Hpa L ELD
MF fli1%, B4 #1292 BSGS £ & MSRE-PCR {£% L C MSD-AFLP £ 3 F

EHTIRE-HLTRBY ., WERMREMAICHMRT 2BRTH o712,
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2.3.8 FERRREI D A F oAb S Z —

FHARI CHelE L 72 2,449CpG O B A k7T A% Fig. 2.10 12~ T, F¥ MF fEIXZ R
Zav, W5 54.1 £0.5%., B 48.2 £ 0.5%., N 51.5£05% Th o7z, BEEI Y F 2
Z U RN OEREY, = —2 U v NEEEECTR®, EHEELE CTREL LT, TR
Rk Z L0 T RAZZTMT 2 Z LD | BRI E O A F AL E — D3R

T& 7, £70, ERG O THEA N MUV Z & IZEBIL Tz (Fig. 2.10)
2.3.9 MSD-AFLP & D # H R EE

% CpG @D MF fEDHKMEM DA BEERGT 21T o TofE R, Mt L7z 2,449CpG @ 9 5
805 @ CpG THIMEMNC A E 72 MR bivlz, & HITHHIEE & RHiEN 2 a3 5
728, Tukey HREIZ X W AEMENFE O ST 2 fHAEFE T MFED 7 (difference of MF,
DMF) & MFE®DLL (ratio of MF, RMF) (2R L C. DMF D#axHiE & logoRMF Ot
ExEHH L7 (Fig.2.11) . TOREE, MEEOEA 1.1 5L MEEOZEN 5 %
UUFZRT 24 EOFERENVEZRIETE7Z, 2D 95 H0D 1-5% MSRE-PCR £ Tl
ATl & 2 A, ARFETHRE S22kl MSRE-PCR £ F & AHEI L Tz

(F—HITR&E 720N £72, DMF=0.29% & 9 A L M TX 5 2 L a3l 7

(Table 2.7) .
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24 B

FLO N3 SCAFFE TIE MSD &9 A F L L CpG 2 H D DNA Dhm T A 75 Y
—NIZIRAT S E DB RIE A2 BB R L (Fig.2.1) . S HIZ AFLP L L oAt

TEAGE DO O DNA A FULEFEIENTE (MSD-AFLP) % BR%E L7z,
24.1 AFALENIHERR (MSD:methylated site display) FiEOFRE

BITE R b M DD RS EE e A T VAVFRAT 1513 A T AR Sz P Tl BRI 5 A A7
PCR (MSRE-PCR) T&H2d 7, L2>L7eh 5 MSRE-PCR iEIZ1HIEHT-0 1 HFTD
CpG HRAL L2MENT T X 97, RE RABREESI N RD BN DT 7 LT A KA FIALMTIC
FHWD Z EIXNEETH D, AR TIX, MSRE-PCR & [RI%EORKE L EELZA L, 72
B KBUENT AV — 7" b & R 2 T AL FIEZ B9 2 2 & C, fik
T RERETPIE~OFEE B Lic, BRI FIEOM 2 5 X & B2 LT
DEBYEDTHIELED, 1) BT RE 5 REBIE BEATF b TIEARL TR
Tkl THHZ L, 2) T 7T AHBEOMEREN L THLHIERRETHD Z & (&
JEEE) , 3) 10 X—k v MEED A F /AL A bIEFEICHIETE 22 L (FRE) .
4) REFIBRE DX 5D E X MSRE-PCR & RI%ENZENLL T THDH Z & (FEEL) .
5) %/ & DNA L CpG - Tid7e <MSZ L7z CpG AL Z & D A F Ak B
/TELH L (EMEBE

A F LTI A FMEEARZ B 1201, 7] CRBMESI %A LA T AL
% F\Z9 % isoschizomers D BIFRIZ & 5 il (RIFF SR Hpa 1T Rz E) & Msp T GRREME)

ERHBEDETERT O L E2BR UL E T Mspl I X 557/ 2 DNA 524 H k%,
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Wi DFRFRALA | &2 AT 57 X 7 — s L, fWV T Hpa T THILT 5, £ Ok
. AFUEEN TV CpG EAMHRIZIER ST ¥ 7 % — 13 HUK S Tk
PIVTLE DD, AF UL CpG BAEWIRILT ¥ 7% —lfEkED E 555 Z LI

5, ZOT X7 X —E#EDNA WA 2RI, ATUEEERIETE 5,

Fig. 21 ITRLTEL DT, ZOBRICESETEMMULEFIREZBZ R L, £7T. ik
BLHINC CpG A % & £ T A T /AL OFE L Z T I MEE OFREESR T4/ A DNA %
SERHEIL L, Wimlc BT AEMT ¥ 7 F —A KT 5, IRICHIFREESE Msp 11T &
DM EFT o ETA R LT MTEV VEEHEKEOEAKRE L TELF ML
DNA Wr i & [ 9%, [EX S 3072 DNA WA iZid Msp TIEWR 2388 H L TR0 . <

Z\ZT X7 H—B % L C Hpa WMsp 1 iBFABLY Td 5 CCGG 7NV > K u— Mg

AETESEDS, ZOEME T DNA B T2 Hpa IWMsp 1 38GRECHIN — D72 T 1 ES
5HZ L2 %, CCGG ELFIH D CpG 2 A FIVIN 22T 3L IR EE D Hpa 11 1E/bCTHIWT
SNTTHTZ—B ST LEW, 51&Hke< PCR THIIE I LR, i XA F/LVED
B D WS U727 % 7% —B 1% Hpa II TIXUIEr &3, 2 DNA B 3% B o
PCR THfE SN T EN 5 Z &I1272 %, PCR IZXDMHIEREICHWNT, T3TD
DNA Wi 137 %752 —A L7 X7 % —B &) HEELYIIZ PCR 77 A ~—37 =—
Vo7 357H, RUTT4 0735 T PCR OEGRBBMGIND, 251 T
FHIND~ LT Ly 7 X PCR HIREWIL, Hpa 11 I IZ5AFT 5 A 080 &
BT 5, %2 OFFRYF-HIZIEME— O Hpa TWMsp 1383 ELS M MERES TR D |

AT A e A B I ALY CpG DRI A FNMEEEZKITLH D TH D

(methylated site display: MSD & i)
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MSD 43 T4EHIE S 72 80K O DNA W8I TH 5, Lz > TZOHEMZHR T
A 77V =357 AVF Ty 7 AHEIEEYIX amplified fragment length
polymorphisms (AFLP) [ & LT 5 Z N TX 5, w7 7 4 ~—I2 X 5 PCR
HIE T DNA W SEHNIC#ES 80t 2 B AT, v 7 U —Ra0k DNA & —7

Tt —ZEEE L TR FRETH S, £7-. Lit MSD-AFLP ##

WS A TS5 —%X%¥ 5 Y —AIDNA > — 27 =V —OD4MEE T A EHEFE T
TS R, MR AR I RN PCR V54 U CHEMEE 208 U7 AR 2 R L |

BRKENCRMT 2 HEt 28D Z LiC Lz, RBICIET X474 —7 7 A ~—EFIkE
< DNA Wiy Ol 2 IS 2% 77 4 IV FRFORPIERA L L UEAT 52 & T

4043 (256) @Y OMEMEZFRL, #EMILIC LY T =T Az G
L7z, ¥ 7 U —H DNA v—7 =% —DFEMAMRIEHRHZ 1,000 HEEZTL
THE, RRTEXKEL L—5H720 K 1,000 W Z2RERRETH Y, BEFT
1000x256=256,000 7 7 23475 MSD-AFLP {£D BN FIZI T 2 B KBIERE ) & 72 5,
ZAUIMEERR T B 1T 5 BHA S C ORI TH Y . DR EMTET D720,
B — UK I B A% 38 0D 31 A SSRGS . AGRSCTIE Shf T 2 L7z, Zofiof—ik
il BREE R el L & b REE D DNA Wi 242 L C L E 5 7% MSD-AFLP (213
REITH o7z, LU S AFLP JEUAORIHTE REERTRANA 2L —T >y |
DNA ¥ — 7 =% —0HEM%E) 2831, L0Z< O MSD i 24252 &

HLARETH D,
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2.4.2 MSD-AFLP O 72 b N O MBRRARATIE & DELER

DNA D A F AL L~UTEE T ORE L~ VTG L, R R OB S 78 BLR
B DDA OB RS DA F b3 — 2 tissue-specific differentially
methylated region (tDMR) 23 5 Z & B3 EI ST 5 ™75, RIFFFETlE, B4 L7z MSD-
AFLP JEDOWSERRR O HY, 72 5 NT AFLP F % — 5 — 4 /5 MF i & EHHa R 4
HEEOMIETEMNLOT- 02, 3EHHOMM (EHE, Bg. T 2 Lz, 20
& . MSD-AFLP V£/3 50> MF f % I T & 5 BifE & b A 2h72 MSRE-PCR £ CHIE
L 72 B OFERR I OB LR ICH D TU W Z L A3V - 7= (Fig.2.7) . & 512, MSRE-PCR
DX EERELN 6.2% Td D DIZKF L, MSD-AFLP O F-HEEREIL 48%TH Y |
ZOWEDIX 5 DX OFEFEIT MSRE-PCR £ & FIZFRIZEIT/NS W &30 » 7= (Fig.
28) o ol AV NT A METH, MERRKRELHEALTWD Z LR TS
(Fig2.9), ZNHDZ Lnh | RFETZHBIKHPEGITTE L7210 Tlidel, 2
< & B BUER S MIEENOERM & S5 MSRE-PCR & [ DKE L E&MEEZ A L,
IRBNO—EIE D CpG ZERET HWIRENEHT D L V) M TER TN D HIE
ThdZENHoTe, HICEMWERE WO BEENFEL, EERZEICHELTLE
S T AL FAET 2 TR B E TERWRETH HIZ LD LT A F Lk
KFEOZEDN 1.1 5L FOZAL T2 A FIALBE OEHEZED 5 %LU T OMHIZ LD
BHIZREI L TERY  (Fig2. 11), Bl Z b e TE 5L V) JTERL TS Z &

Bl 72,

— XA HEFER) DNA A FUALMEHTIZ BT, RLGS 7% 37 3 HELP % %, &5

I MIRA-array 15 ®X° WGBS 1E ¥ e EXMEH ST 5, LrL, WTILOFED
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AUBHA] CIRE9ICEEN T 285 E D CpG A F /AL Z2 E8$ 51 21E, A m <R

ICBW TR O S HMNTETH D,

FI2BUE, BAMDEOBSE» D hOBREHIHHA SN TWDE T T v F 74— 240
A )b 2 F4E® Infinium HumanMethylation450 Beadchip T % %Y, Z OfEtrikie k
T LDHREGRE LT D I DMOEME~OICHNRETHY 7, Lind CpG T
A 7 ¥ RIZFHE L7289 450,000CpG Z X GUC LTaNA T AD o7 b D ThH D 7,
LLens, WHERS—7 = =R 6, b L ~ULOiENIC Lo TAE
U2 AFIALHEE DR 55 (differentially methylated bases (DMBs) ) DI & AL
. A b UrRBETHICFEL TV Z ERHREINTEBY B, CpG T4 7 K
ZRfb LWt b RO b TWnWd, £/, ZOREICEL T%H Infinium
HumanMethylation450 Beadchip (23T MFED7E & LT 20%LL T OE % E &I

B2 2 LIZREETH 5 0,

t RO DIEHSCNRA T A ZHET D5 B THRETHHEA SN TWD DN MIRA-
seq ETH D T8 L L ZDOFET, KEREOERM R/ a0 — i A F
ILZALZE 2 D DIZITHAZN TH D1 78 MSD-AFLP £ TR 2 b= L ) 72 i~ ©

CpG D72 A FALZAL (Fig. 2.9) 225 Z LIIH#EETH 5,

M2 B LT CREA SN TV D HEPRIER Y — 7 = — g P
77 A MEZFIH LR F UL T 2, EHREREHWZOIZ, 1705
7D —RENRZENT A 7727 ) r—f@ SOLID <°A1 /LI F @ Hiseq2000 % H
WEET T E 2, WERIEHIILEE % 30 705 100 U — REREEIZI X THRHT LT

HOMNBURTHD 7882, LinL., RAFFETEZLR L7 MSD-AFLP TR 472 5% D
33



AEZRZ (Fig. 211) ZHRET 5720120, V—FEPES vy BV 7R BPFEHNE S
A% Roched54 ikt —27 = —Z2HWTH 8 @RI T 1,000 V— K, E&
FIZIE 10,000 U — ROITURE CTHRCLEERH D Z ERHMBIATND 3, Lo
T, EEBOZENKRE VB CEOZLZIE S 2 572105 < ORRIREE LR 2 4
TN LRI L > TE, BFORER Y —7 =% —%2 7Ty b7+ —L LT 5

FERIRRATIE 2 WD Z IR E OBLE N OO THREETH 5,

MSD-AFLP {E13# RN R D 5T H IR A F AT I~ TR Y, 1 HoD
AT T4 CpG (19 20,000,000) DI 0.3% (55,181-CpG) Z W/ N—TXDHZ Lnb, +
NIRRT T AV TREFROEZZ LD, KX Tl Hpall L AGDOED AT
IACFERZME O ARSHEE IR SR & U Tl b BRI AL DD 720 Shf 1 % VW THgNT %
Tole, L, AMFRIC T8 HEHEGRIMD Pac 1X° Swa 1 Y TH D Z LM 0ro
THY (Fig. 23) . ZNHOHIREEEZHWD Z & TAHEKRE SR> 72 CpG b
B cx %, £/, AEILPCR 7' 7 A ~— K 2 ik (BIUEL) 12 X 2% PCR
AT TeD BINBIIZIZ PCR 77 A ~—Kdin 3 AT K 51BIRAY PCR b ATRETH 5
8, GFDB v A7 AL 3HHROBINEIL L I 2 L — a VL HIREATH Y, &5
IZ CpG T4 7 ¥ RR7 e — X —HEGR AL E T D HlRERE T OMAE b %
BIRL, TN OHEBE SO A ZEIET 2 RIUEROALZRSEZ ENARETH D, L
723 T, HIBREERAST OMAGOEELET L, FFED PCR 77 A ~—Kiifi 3 ik
(Z K D& PCR %2179 2 & CHfEEZ M LSE5 L EBITERT L7/ AU

TV IAATEIENT S I FIRETH D, $FALT A 7T U — OMFELE % 15 6O T iRAT 23 A 272
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ek, MSD EE Ry — 7 2o —TF T b7 — A EMAGDED L T
MRS 2 10 5 m < LTI 5 2 L TE %,

MSD & EREER Y — 27 2 =DM AEDOETIZ, N HLT 7 A4 MLEED
DNA B2 R > — 7 = Y — TRGIRT 9~ 5 TFik 0L 2 L3 e v | MR
HIT O TCWRNWED T ) Axy BT OREENECRNWEEZX BND, LIi> T,
IR Y — RECTHEE AR T & 2 7= O EHIA T T 5,

2.4.3 MSD-AFLP 0% A AT HEME
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2.6 FE2EOHE

Table 2.1. BEfFD DNA A F ALY ) LU A REENTEDOREHBE OREDE &0

Sample Resolution  Actual

Method name . Readout Method Cost Refference
preparation (CpG) coverage
. Hayashizaki et al., 1994;
RLGS MSRE Electrophoresis 4 0.01% low Ando et al., 2006
MSAP-PCR  MSRE Electrophoresis '™ 0,0005% low Gonzalgo et al, 1997:
tens Liang et al., 1998
Estecio et al., 2008;
MCAM MSRE Array 2 0.03% low Hatada et al.. 2002
MIAM MSRE Array 2 0.03% low Hatada et al., 2006
Khulan et al., 2006;
HELP MSRE Array 2 0.01% low Figueroa et al., 2009
Tomazou et al., 2008;
. . . Vucic et al., 2009;
ﬁfl‘i‘Ap'Chlp’ ﬁ‘g‘l;smc or Array hiivdireajs 0.10%  low Weber et al., 2005;
Wilson et al., 2006;
Rauch, Li et al. 2006
I1lumina Bisufite A 1 20 1 Bibikova et al., 2009;
Infinium coversion rray ° ow Bibikova et al., 2011
Bisufite . .
WGBS . NGS 1 76% very high  Miura et al., 2012
coversion
Bisufite . Meissner et al., 2005;
RRBS coversion NGS 1 9% high Gu et al., 2011
Medip-seq . .
’ Anti-5mC or Several . Pomraning et al., 2009;
Methyleap-seq  pp NGS hundreds O 14%  high Brinkman et al., 2010
. . Brunner et al., 2009;
HELP-tagging MSRE NGS 1 8.50% mediam Suzuki et al., 2010
MSD-AFLP MSRE Electrophoresis 1 0.27% low

NGS, next generation sequencer; MSRE, methyl-sensitive restriction enzyme dependent digestion; MIRA, methylated-
CpG island recovery assay; HELP, Hpa II tiny fragment enrichment by ligation-mediated PCR; MCAM, methylated CpG
island amplification and microarray; MSAP, methylation-sensitive arbitrarily priming; RLGS, restriction landmark
genomic scanning; MIAMI, microarray-based integrated analysis of methylation by isoschizomers; RRBS, reduced
representation bisulfite sequencing; WGBS, whole genome bisulfite sequencing; MBP, methyl binding protein; Anti-
5mC,Anti-5-methyl cytidine
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Table 2.2. MSD-AFLP |[Z W 7e A U X7 LAF K

Oligo-name

Sequence (5’ to 3”)

Oligos for adaptors
Sbf I-adapter(adapterl)

Msp I-adapter(adapter2)
Primers for MSD-AFLP

Preamp-primer

Selective primer

Msp T-universal primer
Sbf I-universal primer

Upper
Lower
Upper
Lower

Forward
Reverse
Forward
Reverse

TCCGACTGGTATCAACGCAGAGTACTAGAGTTGCA
p-ACTCTAGTACTCTGCGTTGATACCAGTCGGA
b-AATGGCTACACGAACTCGGTTCATGACC
p-CGTGTCATGAACCGAGTTCGTGTAGCCATT

AATGGCTACACGAACTCGGTTCATGACACGG
TCCGACTGGTATCAACGCAGA
f~AATGGCTACACGAACTCGGTTCATGACAIIINN
AGAGTACTAGAGTTGCAGGNN
AATGGCTACACGAACTCGGTTCATGACA
AGAGTACTAGAGTTGCAGG

p, 5’-phosphorylation; b, 5’-Biotination; f, 5’- 6-carboxy fluorescently
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Table 2.3. MSRE-PCR |[ZfW7e A U X7 LAF K

Oligo-name Sequence (5’ to 3”)

Isolation ID 7 Forward AAGAGGATCGGTCCTAAAAA
Reverse GGGCTTTCAGGTTCTCC

Isolation ID 10 Forward TGCTATACAAACAACTCGGTCAA
Reverse AGGGTTTGGCTGAACAAAAAT

Isolation ID 12 Forward TGTGAGGGACAGAGAAACGAT
Reverse AACATTAGCAGGCAAACTGGA

Isolation ID 26 Forward ACCAGCTACACGGCTCGTAAT
Reverse TAAAACGGGTGGAAGGAGATT

. Forward ACAGTGTCACATTCCCTCCAG

Isolation ID 27
Reverse ACCCCTGTCCTTCAGAACTGT

Isolation ID 41 Forward TGAGAATGCAGATACCCAAGG
Reverse CAGGTGACCCAAAAAGACAAA

. Forward GCTTCCAAACAGTAGAGCTTCC

Isolation ID 44
Reverse CTCAGGACAAACCATGCAGA

Isolation ID 53 Forward ACAAAAGCTGGCTGCATTCT
Reverse AGGAAGCTCGGAAATGACAAT

Isolation ID 55 Forward GGCCCTTTTGAAATCAAGGT
Reverse GTTCTTCCAGTCCGACTTTCC

Isolation ID 59 Forward TTTTGGGAACTTGAACCAGTG
Reverse TCTTCTGGAAGGTTTGCTGTG

Isolation ID 63 Forward GCTAGAAAGCCAGGAGTACGAA
Reverse GGACTCTGAAAACACCTCATCC
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Table 2.4. Bisulfite genomic sequencing (ZfH\W\ 724V I X7 L AF R

Sequence (5’ to 3”)

Oligo-name
M13 Reverse primer
Isolation ID 44 Forward
Reverse
F
Isolation ID 59 orward

Reverse

GCGGATAACAATTTCACACAG
GTTTTAGAGGAAGGAATGTTGTGAGG
ACAACCCAATATACCACTTCCACCT
GAAGGTTTGTTGTGTGGAGTTGTAG
ACTTTTAAAACCTTAAATTACAATCTTACCTCA
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Table 2.5. ffill REFSRaBREPALEL & A T /LRSI

Enzyme site number Sequence CpG methylation

Miu CI 31148654 /AATT Not Sensitive

Tsp 5091 31148654 /AATT Not Sensitive

Mse 1 29918534 T/TAA Not Sensitive

Farl 24913420 /CATG Not Sensitive

Nia 111 24913420 CATG/ Not Sensitive

Alul 24571664 AG/CT Not Sensitive

Hpy CH4V 23195826 TG/CA Not Sensitive

Bfal 16152378 C/TAG Not Sensitive

Hae 111 13390558 GG/CC Not Sensitive

Pho 1 13390558 GG/CC Impaired by Some Combinations of Overlapping
Bfu CI 12830398 /GATC Blocked by Overlapping

Dpn1 12830398 GA/TC Blocked by Overlapping

Dpn 11 12830398 /GATC Not Sensitive

Mbo 1 12830398 /GATC Impaired by Overlapping

Sau 3A1 12830398 /GATC Blocked by Overlapping

Cvi QI 10872874 G/TAC Not Sensitive

Rsal 10872874 GT/AC Blocked by Some Combinations of Overlapping
Dral 4915038 TTT/AAA Not Sensitive

Hpy CH4IV 3512718 A/CGT Blocked

Hpa 11 3188296 C/CGG Blocked

Msp 1 3188296 C/CGG Not Sensitive

Ssp 1 3111426 AAT/ATT Not Sensitive

Taq ol 2783656 T/CGA Not Sensitive

Psi 1 2388910 TTA/TAA Not Sensitive

Hhal 2205178 GCG/C Blocked

HinP 11 2205178 G/CGC Blocked

Ase 1 2165812 AT/TAAT Not Sensitive

Pyull 2022332 CAG/CTG Not Sensitive

Pst 1 1982172 CTGCA/G Not Sensitive

Pcil 1976204 A/CATGT Not Sensitive

Nsi 1 1851656 ATGCA/T Not Sensitive

Bglll 1820000 A/GATCT Not Sensitive

Nde 1 1756734 CA/TATG Not Sensitive

Bsp HI 1718232 T/CATGA Not Sensitive

Bsr GI 1690328 T/GTACA Not Sensitive

Nco 1 1663798 C/CATGG Not Sensitive

Hind 111 1646710 A/AGCTT Not Sensitive

Xba 1 1590450 T/CTAGA Not Sensitive

Msc 1 1538110 TGG/CCA Not Sensitive

EcoRI 1477692 G/AATTC Blocked by Some Combinations of Overlapping
Stu T 1372810 AGG/CCT Not Sensitive

Bcel 1 1309374 T/GATCA Not Sensitive

Eco 53kI 1296788 GAG/CTC Blocked by Some Combinations of Overlapping
Sac1 1296788 GAGCT/C Not Sensitive

Scal 1277742 AGT/ACT Not Sensitive

Sph 1 1175604 GCATG/C Not Sensitive

Afl 11 1163104 C/TTAAG Not Sensitive

Avr 1l 1129802 C/CTAGG Not Sensitive

Bam HI 1047924 G/GATCC Not Sensitive

Apa L1 988016 G/TGCAC Blocked by Overlapping

Mfel 985370 C/AATTG Not Sensitive

Bst UI 867042 CG/CG Blocked

Eco RV 856960 GAT/ATC Impaired by Some Combinations of Overlapping
Bst Z171 729290 GTA/TAC Blocked by Some Combinations of Overlapping
Apal 698910 GGGCC/C Blocked by Overlapping
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Psp OMI
Bmt1
Nhe 1
Spe 1
Hpal
Acc 651
Kpn1
Pml1
Sma 1
Tsp M1
Xmal
Swa l
Pac 1
Acll
Pae R71
Tli 1
Xho 1
Bsp DI
Clal
Afe 1
Fspl
Bsp EI
Bst Bl
Sna BI
Nae 1
Ngo MIV
Bss HII
Kas 1
Nar1
PluTI
Sfo 1
Aat 11
Zral
Sbf 1
Sac 11
Eag1
Sal 1
Pme 1
Miul
Bsi W1
Pvul
Nrul
Fsel
Not 1
Asc 1
Asi SI

698910
694294
694294
692474
648962
622932
622932
525672
346902
346902
346902
312362
278858
260818
246404
246404
246404
220240
220240
219934
217512
199344
190990
184722
173916
173916
172588
153418
153418
153418
153418
138488
138488
119370
79498
78928
68574
68028
48294
28300
22502
20530
20032
12322
5126
2146

G/GGCCC
GCTAG/C
G/CTAGC
A/CTAGT
GTT/AAC
G/GTACC
GGTAC/C
CAC/GTG
CCC/GGG
C/CCGGG
C/CCGGG
ATTT/AAAT
TTAAT/TAA
AA/CGTT
C/TCGAG
C/TCGAG
C/TCGAG
AT/CGAT
AT/CGAT
AGC/GCT
TGC/GCA
T/CCGGA
TT/CGAA
TAC/GTA
GCC/GGC
G/CCGGC
G/CGCGC
G/GCGCC
GG/CGCC
GGCGC/C
GGC/GCC
GACGT/C
GAC/GTC
CCTGCA/GG
CCGC/GG
C/GGCCG
G/TCGAC
GTTT/AAAC
A/CGCGT
C/GTACG
CGAT/CG
TCG/CGA
GGCCGG/CC
GC/GGCCGC
GG/CGCGCC
GCGAT/CGC

Table 2.5 Continued
Blocked by Overlapping
Not Sensitive
Blocked by Some Combinations of Overlapping
Not Sensitive
Blocked by Some Combinations of Overlapping
Blocked by Some Combinations of Overlapping
Not Sensitive
Blocked
Blocked
Blocked
Impaired
Not Sensitive
Not Sensitive
Blocked
Blocked
Impaired
Impaired
Blocked
Blocked
Blocked
Blocked
Impaired
Blocked
Blocked
Blocked
Blocked
Blocked
Blocked
Blocked
Blocked
Blocked
Blocked
Blocked
Not Sensitive
Blocked
Blocked
Blocked
Blocked by Some Combinations of Overlapping
Blocked
Blocked
Blocked
Blocked
Blocked
Blocked
Blocked
Blocked
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Table 2.6.AFLP > I 2 L —> 9 0T — A RXR—ZA RN — 7 = A2 L HEFIRE

Isolation ID Chromosome Position® Gene name®
7 3 83588206 ACI141473.2*
10 9 53410271 Acatl*
12 4 138720271 down stream both of Hspeland RP23-2411.9%*
26 13 110215936 Pded4d*
27 2 30409726 9k bp up stream of RP23-3990.3*
41 7 31402396 Cox6b1*
4 141150829 Ebliml
44 7 29587740 3kbp down stream of Rinl*
53 5 52443251 100kbp down stream of Dxhl5%
19 56431868 Nrap
55 11 76224631 Timm22*
59 10 67595674 Arid5b*
7 144033409 50kb up stream of Mgmt
63 17 44272079 25k bp up stream of Enpp4*

a, Predicted chromosomal nucleotide position of methylatied cytosine by simulation database.
b, Gene name identified by sequencing.

* Matched between the two methods.
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Table 2.7. MF fEDZED R HUEE « #EFHHYA E A2 MEEDOZED/NSWIIE  » 7 10

Peak ID ME(%) MF difference Tukey ANOVA FDR
Hippocampus Kidney Liver (%) p-val p-val q-val

CGGC79.8 6.93 £0.04 6.64 + 0.08 6.55 £0.01 0.29 0.019 0.005 0.021
CGGC79.8 6.93 £0.04 6.64 £0.08 6.55 £0.01 0.38 0.005 0.005 0.021
CGAG253.2 6.74 £ 0.06 6.20 £0.10 6.98 £0.07 0.53 0.008 0.001 0.007
CGAG57.4 7.68 £0.07 7.08 £0.04 7.40 £0.12 0.60 0.006 0.007 0.027
CGAG253.2 6.74 £0.06 6.20 £0.10 6.98 £0.07 0.78 0.001 0.001 0.007
CGAG60.8 10.52 £0.13 9.08 £0.09 9.53 £0.24 0.98 0.013 0.002 0.011
CGGC124.2 8.04 £0.26 6.68 £0.05 6.89 £0.12 1.14 0.007 0.003 0.013
CGGC124.2 8.04 £0.26 6.68 £ 0.05 6.89 £0.12 1.35 0.003 0.003 0.013
CCAGI105.0 99.42 £0.20 97.57£0.33 97.99 +£0.39 1.43 0.042 0.014 0.045
CGAG60.8 10.52 £0.13 9.08 +£0.09 9.53+0.24 1.43 0.002 0.002 0.011

Note. Analysis by ANOVA and FDR reported 805 CpG sites with statistically-significant difference of MF value among
the three tissues. MF value pairs (shaded) responsible for the difference were identified from the triplet by Tukey test.
The percentage of their differences were calculated. Differences even less than 1.00 % were detected. MF: methylation
frequency. MF values are described as a mean + SE (n = 3).
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Fig. 2.8. MSD-AFLP @ Sss 177/ 2 DNA #fi1E

a.MSD-AFLP 7 —# @ v )V TFERIC L D, b. e LV FREAEZE OBIEIIEL, c. Sss175
/ 2 DNA i 1IE%% @ MSD-AFLP ® MF f# d. MSRE-PCR ™ MF f#, 4% Isolation ID %,
Fig. 2.6 THIFEH L TW\ AT &I LTV 5,
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GGCTGTGTCAAATTGACAGGTAAAGCAACCCAATATACCACTTCCACCTTCTATGATTGT
TAAATTTGCTAGGCAACTGATGGGGCTCAGGACAAACCATGCAGAAGGAA’ TAGC
TTCCACACTCCGTAGTATATTTGGCTGTTTAGAGAGTGTGTGTGTGTTTTCCTCTAATAA

GTGAATCTAGCACGAGGTAGGTACTTGCTAGGCAAGTAGACTACTGCTGAGCCACCTCC
TGCAGGAAGCTCTACTGTTTGGAAGCTGTCTCCCAGCCCAGTCCTTTCTGAGGTTTTTA

TGACGTTTGCCCGGGCAGGATTGCTAACAGACTGGATGCG
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AGCCTTGGATTACAGTCTTGCCTCAAGTATTTT CTAATGGGTCTGGAGAAATCCTCTAAC
TGGGAAAGATGAATTTTAAAGCATGGTGAGTTTATCTGTTGGCACGTGTCTAGAAAATC
CTGCAGGAGGAACAAACCACGCTTGGGACCAGGAGAGCCACTTAAAAAGACACTTGGG
TCTTAAAGTGGTCTTTTGCCACGAAATGTTGCGGTAAAGATGTGACCGTCTGCTTATTTT
GGGAACTTGAACCAGTGTTTTATGTG GAGCCACTTGGCTCTCAGACCTATGTGT
GTTCTCAGAGTGCCTCACACAGACCGTTTCTAACCGTGGATCAATGCCAGCCTCCTGCA
GCTCCACACAGCAAACCTTCCAGAAGAGGTGAACGGGGTTTTCTGTGGTCATGACATCA
CCTTCGAAAGTTTGCAGGCTCTCAATGTTAACAGGACAGCATCTT

o —_— 00—
—_—0—0—O;—0—O—0-0—
-4 Q0 O @ 00 —_— 0 O0—WO—O—O—OC0—
—O0—O0—e0—O0—O——0— —_— & O—e—— —C—— —_ 00— O—O—O—OO—
—_—O0—(— O—(O——0O— ———— —— ([ — —— —_— 00— O—0— 00—
O N—0 D e — > e O ——L— 00— _0—0—O—0——0-0—
O N—0 O e — 0 808 —(O—0O 80— — 00— O—O0——O00—
—_——— — O—O—0O— *o—e0—o—— 1 — O O— —_— 00— O0—O——O—O—
—e W O——O—O0—
——e o e O O—OO— . e o o:o: oomooc: com o:oc
-O—C- > oo ®e—O O oo O—0 O o s OO
— (88— O—(O— 8 — oo e o . oO—e
— & e O —D— O 8— oo oo O bt o-e 00 OO0—0 O 00
— & e O O—0O 80— oo we—O b e 0—0 DO— & 00
—— e —0—0— — 00— O0—O0—O—0—0—
——r— e — (O— O o—o oo O e O
— > e O — (00— oo w0 O o o0 QOO—0 @O 00
— O —(—90 — 00— 0—0 WO—C © 0O
oo O o 4 — e & (L— O — —_— PO OO
—— (B — € —9— oo bodd d « OO —_— 00— OO— OO
— 00— O—O0—O—C—0—
oo ”e o o e O—@——(® —_— 00— O—O0——O—O—0—
oo ”e—- s O—e - —— O DO——C———
e e we o —® O —O0—O——#—O0——O——
——00 00— 00— "—0— —O0—O——O0——(O—O——
—— 00— — 10— O— — OO0 O—(e—O—(O—O—O—
————¢ e — o0 — —O0-O—e—O—DO—O—8—
——00 000 00— —_— OO0 O0—eO—— 00—
— OO O——C——
QX —O0—O——O—(—O——
O —O0—O0—00—0— 00— —
O — OO — 80—
— e — 08— (80— 8O— — OO O—(— O O—
— O O——e—
— ¢ O——®e—O——C—
00— 00— — 00— ——— 80— —(O—O-0O—
—— O—O0—— (08—
(e —&
O0—C
O—O
O—O
* e e e o & oo
— 0 — 00— 08— 0 — ———— 06— 0 0 00—
t B
Hippocampus Kidney Liver

54 RR=I~HK



e Isolation ID 44 f Isolation ID 59
100

100 1
=80 1 £ 80 1
5 9
5 g
§60 . § 60
5 5
£40 1 = 40
£ £
= =
20 A 20 1
0 - —— . 0 . :
Hippocampus Kidney Liver Hippocampus Kidney Liver

Fig. 2.9. BSGS |Z X % A T /U LIRRE D Fat

a,c, Isolation ID 44 & T} 59 (Hpa 1 YA ) JEAESI, K51 CpG Bl %2, #CHHE
A= BiANX Hpa T %A %777, b,d, Isolation ID 44 } O} 59 J&32J® CpG A F /L LA
T A AR BN A F LB, KNI Hpa 1 A N ERT, H—27ViE, EhE
@A F N CpG; & OFEAF AL CpG ZFE L TWND, e, fiX. FHZ 4 Isolation
ID 44 N, IN59 (IZ& F£41D Hpa 1 A S D AT NALBEFE 2 RT,
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a D A TFIALBE DO e XA 7T b, R, B kDT A NIRRT A F v
LB 2R3, RIS, FIXE. 3 E 9, bRk o, RIFES. &
LB, RRINTIRAE T, g T AX U T RIS . EREER, S
g A 7~



10 -

Absolute value of the log, ratio of MF

001 1 1 1 1 1 1 1 1 1 1

0 10 20 30 40 50 60 70 80 90 100
Absolute value of the difference of MF(%)

Fig. 2.11.MSD-AFLP D Z8 Sl i

Tukey—test CHEZ=D & - T2k D A FAACBEE DL & A T IALHE D% 7 v
FL7ebDTH D, MEEEA FIABHEO A | BHE A F/ALBEE DO 2% R T,
FETFOMMAIX, OREEMAT TR EE2 2 F AL O 1.1 FLLNDD A F L
CBHEEDZEN 5 % DFHD b DZRT, HEROETIIZT Y THNDO ARy Mii R
LT3,
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% 3% MSD-AFLP % VW2 A48 BPA IRE~ 7 A D CpG A FIALEBIEAT
31 TR EAR

3.1.1 BPA OFAFRIFRDOEE

3.1.1.1 BPA O & - ~DIREE L (KNE)E

BPA (3, Fig. 3.1 [T~ T FHEEEZ AT 2L FME TH D, TR Y —AHRR— K,
TARF IR ET T AT v 7 OJFELE LTHERAITWS, 2012 4 H RENA
PEREIT 456,366 b2, THEEIX 83,573 hrTHDH Y, KUY I —FRx— MIRITIRMLD
Kan/p L2, TR UBRITEESSNEO2—T 4 7R IS TS, L
723> T, BPA X EICZNOORENBEH L, KEHTITBITT 572D b ~DB
DL & TN 100108 U L7223 5 BPA 13D CRERIZARSM R XD, BPA O
EORGEE. 7 v b YL, B FTIEZORGDHEE D BRI S du, fF
IZ BV T BPA-Z L7 1= K (BPAG) ICfRH S p 104106 X512 fefEod F344 5
v b (8-9 M) 2 “C THEF L 7= BPA % 10, 100 mg/kg TREHOKE L7-#BRTH .,

MH BPA X 18 B LLPNITH HBR ARG IZ 72 0 . & OPEME EE 1 3R & TR 107
3.1.1.2 K& BPA OAERAFMHICET S U X7 7O\ T

BPA 23N~ < AL E & U CRIBERZE 2N 2 SN2 DI 20 FIZ ERITH D,
HEFBE R 22 3548 L2 irpic o X b e 7 URRIER 2 R T ERBN TS 5 2 & 235
BTV, ZOWEIZ, RN I—ARRx— MO T T 2 anbEE T 2 BiKD BPA
T o7 1819 vomSaal 5%, ¥~V ADFRMEROEER MR LV HIEHE (2 ngke

{KE) @ BPA [T INT-5E. OB EREBK T2 Co4 a2 a5
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Z & MO0 20 pg/kg RE OB CRIN BEESEMT 52 & M awE L, =
oM, ASREOHERKIBERITHY T2 12, & 5|2 Sakaue H1E SD %
HEZ > b WAL YD L 13RO T » MW TH, 20pgkg RE &V D
R SRR T 52 el Lz 1B,

—J7. Cagen X° Ashby &I FFLOBRMHEZEICOWTHILERZ I L, @& Ih
ek DB L S &KMo R AR Lz 10, X512 Tyl 55, vom
Saal HOWEZBEFR LT, CD-1 vV AR H N SD 7 v FT 2 #8725 N 3 iR

(207 DURFEFEERZAT > 7205 BINLIR DTGB A B OME A ] B 70 & O AT
RN ERE L2, Ema 512K 25 SD 7 v k 2#RICH7Z DIREFERFE R TH . BPA
DAFEFMEIT/ NS W E RIS B EREL R S o ToifEE Bk, %7
e LR ERE L SNDbON, PR8I A7) v 7T A o DiE
WSO IRBEEDIZ D EIRNT 5 & FELTHD 1120 LasL, AfldEtEiTd
N T BRI ELZ D BAERIRE < U X2V THREO FT N RIE RSO IR E &Y
FERR STz & T DA S iz 121 vom Saal 12154 < @O BPA 12 X 54

BMEDOWEREZRILIZ, BPA IZITFHMRENH D L FRL TS 12,
3.1.1.3 /£ E BPA OFE~DE

T D%, BRI TIE e < JEEBICET 5 BPA KR EERER SNIE =
B NIE T 2 LT AROTENEEEIS IR & AR BN AET D &) JADEKL
ZLMESND LD ITho7 P, Fio, MoH THIEEIZB T 5 BPA KM EiRER
BRI D & PG Sz 123812 KRZ | Csaba Leranth & O#EIIER

BT HMHE T T ARMA~DEETHTclcd, MEEZED DL & Lol 2,
60



3.1.1.4 BPA ® VY 2 7 FHBOH R b DEBAE) ]

AT A BOFIE 2008 42, LFRO K9 b 2 b &2, (R EToO BPA OFLINR
(FEIZ 18 7 ARG ~0FEEZEE L, AU —FRx— NUOIFTILOA DAL,
W% A 2EIb T2 & & BICHEHOTHRAIHEH STV D EONE RN S BPA
DV Z ATREZR IRV IO TH58t L U R 7 OFFiZ1T7H> Z &2 A& L B, 2L T,
2012 AR, FLAh I oHEEREE &I 1 BRE 1kg H720 0.02-0.12ug TH Y |, fEFY

PR SRR LR 1

KEELEELR (FDA) 1, S OICHECHIZE N LEE S Lt 5 4, BPA IRE &
EWOTZEEEESTHE L BITHIE~D BPA OBAITHENK V728, NOAEL®S
mg/kg)LA T ORMETO BPA O EMRELZEIIZRO bR E NI mEZE &0

TU\}:) 101O

RRONE L Z2hEB (BEFSA) 13, 2012 4RIC &AL EAETEL, BER. FEHL O T8)
FNZBIT AR %] (CEF 73%/V) 12T BPA ® Y 2 7 3l O EHMIC & F LT,
ZTORER, AEN BPA O ERBRIFECTHHZ L ROSBOHETEIRFEREIT1 HIKE |

kg %72V 375-857 ng LIMEDOHEEMRE B L VKW &R 72 1,

—Ji. 7T U ABMBRESEEAELETIX. Ty MBI A4 BPA IEFE Tk
PEDOEDIFGR D) A7 FRNBEDEND Z &0 B (FowEICB T 5418 BPA
PR R CHUEAE DA T A b 7 U RN X 0 SLIRIESIE R 32 = & 132

DRESNTZDOEZT, ZHUDOMEEZEOIBEDRLMEZ B2 BPA IBFEICLD
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BEIRA~DHBEBNREDLNDE NI IMREEZF D108, Z L TT7 T v ABIFI. 2012 £

IZB A Z~ BPA O 228 1EJ 5 ERE 2wk LT,

Z DX DI BPA BEFEREY, BIEOHTEREZEE TIIV R WL 0D TR E 2 )

ODIBEBEELZHOTRELWNWIEBEZIDERIC>TETWNAH,
312 A BPA REIC L A5 ) AEEBOMENT

1 BT _72 K 912, BPA TG WE & U CIRARIEZEIZ L Y . DOHaD K
MCRIBRIND L) R ) AEEERZTZ N, WO OB ER THE S
L 333580133 DOHaD St DXt 4 & L CGEESHICIER SND K9k o7e B 20
728, BPA <C DOHaD 2 U2 NIGaFORT TH Y | O TIEL Y HIEE & EER
BWARTFLEZ AV, DOHaD G CRIBIND L9 R B ) AL E R Z T 0% K

GETAHZEE LT

fEH L2 FEICE LT, —RIIC e D LR A E 2 5 ECTEW RS R
HREAEEEAER EABE X BRENOE X TEHYER TORGREIZZEMAEE L
THRAKMEEMRE (NOAEL) O%H 17100 4 L < 1T/ EME&E (LOAEL) O%4 1/1000
EREUTMEEYEREBET D, T2 T FTOHEERTEEN 1 HY720 0.02-0.86 pg/kg
ThHV, & FTOREEOK 100 5~1000 (% DOEHE BPA 2~ U R ZIRETHZ &
& LT, o, i CITREAEEOMR S 1T G5-&ICHp L, BfE (NOAEL) LI N o
HETITEENBENRNE W) BHEEEOHEKRFEE W OMERH 5, L.,
3.1.1.2 K U3.1.1.3 Tilk~7= K 912 BPA TIZBIED NOAEL (5mg/kg) LL T TOEME

B (SRREE LRESL TS, 3610, THERCKEIE L IIa/EN BPA 15
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DA ERAFRI D REEFER (2ug/kg, 20pg/kg, 200ug/kg) TiX, Tceb2 (elonginB) @
HERBHEAN~A 70T VAT 2 RISz, &2 TRETIH, HEKRT
PE &V O BERICAIY NOAEL OFFFHE &\ 5 Bl b BPA B EBOREHI DL

20 pg/kg @ 10 {9 200 ug/kg DO IRA AR RER 217 - 7=,

63



32 HiE
3.2.1 RIK

LU O&RIE A FEIMNIC R T 2 % 4E L DI LA L 7=, bisphenol-A (BPA) K&
W=z — 24 A /L (Wako Pure Chemical Industries,Osaka, Japan) , PrimeScript™ RT reagent

Kit (Perfect Real Time) &% (8 SYBR® Premix Ex Tag IT™ (Tli RNaseH Plus) (Takara Bio) ,

322 #B X UORE

wiz2 B E (E2.5, 77 7l H & E0.5) @ C57BL/6) ¥~ 7 A% HAZ LT (CLEA
Japan Inc., Tokyo, Japan) X WEEA L, ~ X7 4 V¥ —ft&T A YV 7— K7 v 7 NTH
B Lz, £7o. EFERE (A MR A b v 27, NOSAN, Yokohama, Japan) & OVK (i
REK) X HBICER S, BRFER 12 Ref, =R 23°C OfEREICR 72, 2B
Z O E RV E IEERIE . BRI FEBR IR AN e o o, AER~ T R ITKE
LBPA #/E6 AR X VIR IS HE £ To 12 AM#E AR O#& S L= (Fig. 3.2) .
B 5 A E1X BPA (0 ug/kg, 200 ug/kg) %MV 7=, BPA % vehicle (2—2 A A L) (I
wmLY =7 —2—%HWTEESE, EREWIZIZE Y 7 (Fuchigami, Kyoto,
Japan) %AW TR DG L7z,
3.2.3 BB XU

EENTAFL, BERO S & THE Lo, AF72fElE%Z PND9 £ T3 HI LI
PND14 775 PND49 £ Tl 7 A Z L ITKREHRAEZ T2 L [RIFIS, MERE S & (CHLPA45H

ZRiE M EEEE (AGD) %/ X ATHIE L=, M : 4% 84 Hilin (PND84) . M : PND87

(SR TEMERL I L0 FEdk L, Pl (Ol B, RAETEGESIA (UGC) | FHEL,
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TEEZRILUERZNE L, -80°C R1F L7z, b, WEZK ETHHL, -80°C 7
4 —7"7 Y —H#—"T RNA 7¢ 5 TNZ DNA gt FIZERAE L 72,
3.2.4 R

#1%% DNA } OYRNA (% AllPrep DNA/RNA Mini Kit O 7" 11 b =2 — /L2 RV L 7=,
3.2.5 ¥R E PCR

WiHRE X PrimeScript™ RT reagent Kit (Perfect Real Time) D7 1 k22— /L{Z{E~> T
{To72, U T V¥ A I PCR FEHTIZIZ SYBR® Premix Ex Tag™ 11 (Tli RNaseH Plus) %
V), LightCycler (Roche) Z#fEH L CTHEM L7, FH LT A4 ~—IZ D\ TIX Table

3.1 2R L7T=,
3.2.6 MSD-AFLP f##7

KEPESF DRSS  DNA (2B L T vehicle & 5-FF (n=6) & BPA 200 pg/kg % 5-#F (n=6)
DIER 12 Y TNz D BT T A ~—138t vk (256) 20 L TR L7z,
3.2.7 HeRtENT

FAHEITIZSE 2 B E R U< R Z W, 48 vehicle #5-8F CcHRREE) & MG ZEH
BPA # G CAT 2 —7F » b t BEIZ L VAT o7z, FDRIZH 2 B L [A] U < BH &
Bz TRD T2, T L THBEKYEE p=0.05,q=0.05 D L EHMHBREEEND D & L=,
TRy T 22 ) TN, CpG Z & TIEREL Z BHL ATV, Z O FEET
—27 U vy FEBETRD, AR TRTEML L7z, BB MBS 7RI LT gene

set enrichment analysis (GSEA) ¥ 7 [ 7 = 7 (http://www.broadinstitute.org/gsea/index.jsp)
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ERAWCZ Y v F A MENTEIT T2, 0B 20U v F A 2 MENTIZRE KT

iPS AARMFFEAT (CIRA) O FLILFIEC 23 50 L 7=,
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3.3 R
3.3.1 PEfFER. ATFR

X & BPA & 5-1E & I REED~ 7 A DPE % Table 3.2 IZ7~87, BPA 528D
FEFELDOEENIRD b olz, REIREE TOMMOAEFTRELZY (LT 5729
PNDO CT1ME&H- 0 HESPE L HITHESPCIZ/2 D K HFHIE LTz, FDOHDOEFRIZEIL

B LN o7 (Table 3.2)
332 {KE. AGD BIUBHEE

PND9 £ CKI3 HZ LT PNDI4 725 PND49 £ Tlx 7 B Z L ICiKE, AGD ZHlE L
77. WERE S 12 PND49 (2 TIRE OB T OV RFED HiL722, AGD 1%, MHEL $12
BT O bR oTo (Fig.3.3) £/, #E (PND84) I LU (PND87) DA flgiss

BEET —H % Table 3.3 IZ/”"7, UGC E&EICH B 2R/ NZRD b,
3.33 BERICKIT B Teeb2 BinFDOREALH)

TEEBR CiR 6 HH XV 44k 18 HH £ T 12 HIE. BPA (2 pgkg. 20 pg/ke.
200ug/kg) ZHEHZEOES L& Z A, PND35 D4 ADHEE C Teeb2 (elonginB) @
AER EAPBIEINT, 22T, A% O PND84 DA A DUEHBIZEBW T,
vehicle ¢ 5-# (n=6) & BPA200pug/kg 58 (n=6) ® h—% /L RNA LR 12 # 2 7
NV AWTER RT-PCR THRIEAMHR L, LrL, it o7z (Fig

3.4) .
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3.3.4 BPA 12 X B X F AL B OREEET

MSD-AFLP {£% i L, BPA W~ U X OMFRAIMAT 2 i L 7, IEiR~ v A
(C57BL/6J) |2 BPA Z#4Eik6 A7H 18 HE THARAKE L, £ OREEFDOWFE D
DNA (2B L T vehicle % 5-#f (n=6) & BPA200ug/kg %58 (n=6) OILE~ 12V
N HWTERRT T A ~—D4t v M THT L7: (Fig.3.5) . IR 7 ~—tk >~ |k 256
FE TR TE AR A TF AL CpG (B —27%1) 1343,840 Tholo, TNH 3T
® CpG D ks —/LREZIIT 5 MF X 59.5 £ 0.1% CThHh - 7=DIZxt L. BPA
GO MFEI 59.0+£0.1%Td V. BPA & GIZ X DB IBRI N o,
EHZ, fHx D CpG T OWT ¢t E K N FDR 15 CTHIE 1T 72, FDR {E1Z, otk
E TR SN ZBBEEIC B U CRABIENSE A E N EHE L, BEOZ(LERHT 5%
BREETHY, v~ 707 LA SRR — 7 =0 X730 EOMFRFENT T — Z 12380

THEH S TWnD 1316

p=0.05 7»> q=0.05 ZWi/= T HEREMZ T~ v —7 i TemHTE ot
eI 12 BTN EHWT, 2—27 Uy FHEEEEEIC L D2 7L e AT
IACENLE OFESE 7 Z A2 ) o TAT o Te iy B L 5 ZIT 2 Ao h - 7z (Fig.
3.5) » FTo. ERDONTCTHRBE L BPA BECELITREO SN/ o7z, S HITiE
¥ bé7oe—%—1F (TSS 76 Eift 5 kb) ([CFET D CpG ¥4 D MF 5T —
Z A, WREEEMEBLEFIIICE L T U v F A M 21T o e A ERER

TR S 7)o 7= (Table 3.4)
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34 B

KX Tl B OBRAES BPA BBERICL A VY ) A~OBIREEBIZEI L T, R
R TH D CSTIBLI6) ~ 7 A% W, M2 MWEICT 52 LT, AT L

MSD-AFLP V512 L % #8FEIIAEHNT C BPA 12 X 2 £ 82 /R § CpG DIRFE & AT,

MSD-AFLP {EITHEE & IR W TEWRRE &2 A L, FLERE O 72 2 F b2
fbZE B TE T, B e A F AL E WS S TIZREI U2 T, ALFWEIC X 5%
H7e A F AL B AFE L CUORUERARICHHEH T 5133 TH AL b 57, 1S

DNA T BPA (2 X D #EHFHIICH EICEB T 5 CpG 1T T&E 2o Tz,

fih 5. %5 1 | CTRE L= & 91T, IT4E BPA OB AMIIRTEIC L 54 7 - DNA @ CpG
AFIEA~DEEORE N2 SNT WD, T7205, Avy ¥ U AT agouti IBAGFHIC
HASNTZ R T ARV (IAP) DA FAKIZ LY | FEIHIN D302 72 DIEFEDN
WL D, Avy ¥ U AIZ BPA 50 pglkg ZWgEET 5 & 2D IAP BNMEA T b T 57
OICEBANET DLV WMERH D M, E7z. AW BPA IR 2% F 72 sprague-
dawley (SD) 7 v b TIZRINLARD phosphodiesterase type 4 variant 4 Di&fx+ DNA 1K
AFAKIZ X Y 7,12-dimethylbenz[a]-anthracene (DMBA) #%5-12 J 2 BiSZARAS AU 3642
Xt L TR MRS R o Te T ER B H T, S HITHIRARRER T, ICRAcl +
T AZ BPA 20 pg/kg ZWRFET 5 EMRFRIIMOEIE T (Vsp52, LOCT72325) D A F vk

BENREE LT L WS WER RS T D %,

LRE 3 oo ORI S A LLTFICE#E T 5, £ Dolinoy H D Avy ~ U 2 & iz

WL H, FT VARV DNA RS E LT, AR AR MO B G~
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DN > T2 DNTEN TRV, RO Ho B DO 33 X° Yaoi & DA 3° Tlid, oA
FREHNTHRY, IBRREZHND 2 ENEE LWEHIE, =5 7 AZ{LOMEHERD
fEATIC 2 0 = —NIZCEBEINRNY) = —2 g3 o DEWT 7 7 Ly K (CE-1 ¥ %, ICR
~TU A, SD T v ME) ITE LT RN THD, £, Yaoi HOWE S T,
B D DNA A F/UALRBREAIFEITIZ BV T, BPA DN E2AEANICH DR o3 > 7 L Cfif
FrENTHWD, BEMICBT 22V =27 1 v 7 REAPRAGL E TS ) L0

LB E LTI D ETH o e OBRFHT 2R ST,

E 5T Ho HO#E P12kt L, Ichihara H1%, FRAH BPA 185 L7 fischer 344 7 v
;T DMBA 285 L CTH, BIZENE (RIZ & F2EH) T DMBA (IC XV
HEINDWIEHIL CDIHBANIKTT D BPA OJRAEMIIRTEIZ L 5T L)
ST EHE LTV D 1B FEBMERG S e o Bl & LT, T 5 EBRE DR
MAENE Z HiLd, Blx1X fischer3dd 7 v F K SD 7 h DIz, C 1% BPA %
O BE3 % & fischer344 7 v k& SD 7 v NORTIRHPBATE 2% L 21%, FH
BATH 50% & 70% AENFERE 1.1% L 1.4% & REDOE NI L DEDBE I TNWD ¥,
Z DX 91T BPA OIENBIEIZIL BRI CRMEN D D720, ZIMEN BPA RIE
(RS, EBREERICOREE LoD, LEBR-> T, A%RIEFHEDO=
BT ) A~DRBSENT A B & LIFZEICiE, i~ LR EE L EE 2 6
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A1 D BPA #8125 PDE4D4 8151 ~D A F)UALEEIZEI LT, PNDI0 TiqE

IRV, BRI o TBIN TS 2 & HMEL TV D, EHIZ, Tang HIRAEM D
BPA M&FZ|Z X % Hpcall BIET~D A F NALZZEIZE U CTHEREAINEG, A/LE i
HRPICR GBI BEIND Z 2 RELTND 9, LIz T, 2hbo@E%
BEZ D EAENIR O - BMFE, BRERIEH], URER &, WRETIE, FATREISE T o

fENTHE R CTH Y . MR T COERLMENLETH DL LB DND,

B2, AlElkET L7z 43,840CpG 134 20,000,000-CpG DFJ 0.3% T D Z Lnd &
OICHEE Z @O T T 52 b UETHL, LLAanb, RICAEORERE T
J LD CpG ~ESME L T 5 & 74U, FRAES O BPA BREZ N O DNA
DA FAvIZx L, RIS EEE2 5.2 % £ LTH4 20,000,000-CpG H 500 CpG LA FC

Y ARIOFMT TITRBIID R To BN D,
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AHFZEIL. BBAEMIEAEBPARBEEECI Y Y 2 2T 4 v 7 RSB E S £
PR 72 s BN 5 9 DR L7, 8 L < BA%E L 72 MSD-AFLP V5 CHENT 21T - 7273,
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3.6 EIFEDOXFEK
Table 3.1. RT-gPCR (W /oA ) I X7 L AF R

Gene Sequence (5’ to 37)

Teeb? Forward AGCCCTCCAGAGCTTCCAGA
ce Reverse CAGAAAAGTCAATCAGGTAGACAGC
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Table 3.2. PE{FH~? BPA D%

dam male female total
vehicle 5 24 22 47
200ug BPA/kg 6 29 31 60

Note. Pregnant C57BL/6J mice were orally administered BPA at a dose 200 pg/kg from GD
6 to GD 18.
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Table 3.3. 5481 BPA &R~ ¥ A D fifH| s gk e 2L 7

vehicle 200 ugBPA/kg
male female male female
body weight (BW) (g)  23.8+0.2 19.9+ 0.4 234402 18.740.3*

Liver (g) 1.03 £0.02 1.14£0.07 0.98 £0.02 0.97+0.03*

UGC (g) 1.03£ 0.02 - 0.22 £0.01* -

Testis (g) 0.182 +0.003 - 0.174 £0.003 -

Uterus (g) - 0.12+0.01 - 0.11 £0.02

Heart (g) 0.137+£0.003 0.102+0.003  0.137+£0.005  0.093 £0.002*

kidney(g) 0.271 £0.005 0.230+0.005 0.268 +0.004  0.214 +£0.003*
Liver/bw (%) 43+0.1 57403 42+0.1 5.240.2
UGC/bw (%) 1.03 £0.02 - 0.94 + 0.03* -
Testis/bw (%) 0.76 £ 0.01 - 0.74 £0.01 -
Uterus/bw (%) - 0.69+ 0.04 - 0.57 £0.08
Heart/bw (%) 0.58+ 0.01 0.51 £0.01 0.57 £0.01 0.50 £0.01
kidney/bw (%) 1.14£ 0.02 1.16 £ 0.02 1.14 £0.01 1.15 £0.02

Note.

Pregnant C57BL/6J mice were orally administered BPA at a dose 200 pg/kg from

GD 6 to GD 18. Male and femal mice were sacrificed on PND 84 and PND 87, respecitlvely.
Data were expressed as means £ SE(n = 12~24). Statistically significant difference between
means from control group was analyzed by t-test. (*: p<0.05)
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Table 3.4. BPA I##Z (2 . 5 DNA A F /UL %2

D KEGG =V wF A MENT

BPAexposed group > control exposed group

NOM FDR FWER RANK

NAME SIZE ES NES p-val g-val p-val AT MAX
N-Glycan Biosynthesis 12 0680 1.600 0.018 0.776  0.528 282
Fc Epsilon Ri Signaling Pathway 22 0.506 1.450  0.033 1.000  0.932 688
T Cell Receptor Signaling Pathway 28 0.509 1.443  0.060 1.000  0.952 564
Aminoacyl Trna Biosynthesis 8 0.634 1397 0.066 1.000  0.981 380
Mtor Signaling Pathway 14 0.573 1.376  0.029 1.000  0.992 481
B Cell Receptor Signaling Pathway 24 0479 1336 0.100 1.000  0.998 469
Ubiquitin Mediated Proteolysis 25 0473 1317 0.137  1.000 0.998 944
Purine Metabolism 49 0334 1.253  0.162  1.000 1 850
Viral Myocarditis 17 0458 1.247 0220 1.000 1 559
Tight Junction 45 0365 1.235 0.156  1.000 1 834
Vasopressin Regulated Water Reabsorption 15 0.378 1.233  0.130 1.000 1 986
Type I Diabetes Mellitus 5  0.648 1.226  0.251 1.000 1 384
Glycerophospholipid Metabolism 20 0434 1.221  0.194 1.000 1 676
O-Glycan Biosynthesis 11 0503 1221  0.249  0.966 1 921
Spliceosome 13 0.397 1.218  0.161 0.916 1 405
Circadian Rhythm Mammal 5 0583 1.216  0.251  0.866 1 48
Ether Lipid Metabolism 9 0528 1.193 0266 0.908 1 676
Alanine Aspartate And Glutamate Metabolism 7 0485 1.184  0.253  0.895 1 384
Leukocyte Transendothelial Migration 31 0.364 1.180  0.231 0.862 1 702
Snare Interactions In Vesicular Transport 10 0.521 1.170  0.298  0.860 1 269
Leishmania Infection 7 0488 1.160  0.318  0.850 1 1001
Type II Diabetes Mellitus 16 0.392 1.158  0.272  0.820 1 1079
Glycerolipid Metabolism 14 0421 1.137  0.293  0.852 1 666
Inositol Phosphate Metabolism 21 0.360 1.132  0.291 0.835 1 835
Taste Transduction 15 0.449 1.122  0.340  0.832 1 510
Fc Gamma R Mediated Phagocytosis 32 0.382 1.117  0.263  0.815 1 435
Dorso Ventral Axis Formation 9 0484 1.113 0293 0.797 1 180
Regulation Of Autophagy 7 0484 1.101 0358  0.806 1 474
Phosphatidylinositol Signaling System 30 0.350 1.099  0.284  0.783 1 781
Nicotinate And Nicotinamide Metabolism 6 0467 1.090 0.377 0.781 1 620
Small Cell Lung Cancer 32 0312 1.087 0326 0.763 1 598
Calcium Signaling Pathway 64  0.261 1.083  0.268  0.752 1 510
Sphingolipid Metabolism 9 0434 1.077  0.384  0.745 1 16
Acute Myeloid Leukemia 19 0377 1.023 0426 0.869 1 576
Progesterone Mediated Oocyte Maturation 24 0.349 1.017 0452  0.861 1 758
Glycosphingolipid Biosynthesis Lacto And

Neolacto Series 6 049 1.014 0402 0.846 1 640
Rig I Like Receptor Signaling Pathway 10 0.408 1.008  0.464  0.839 1 1001
Peroxisome 16 0390 0964 0511 0933 1 530
Prostate Cancer 33 0290 0956 0514  0.929 1 600
Erbb Signaling Pathway 31 0311 0952 0.514 00915 1 631
Ppar Signaling Pathway 14 0306 0951 0.508 0.896 1 1089
Vibrio Cholerae Infection 14 0376 0936 0558 0910 1 510
Butanoate Metabolism 8 0434 0930 0.554 0905 1 1097
Axon Guidance 56  0.239 0925 0589  0.896 1 616
Non Small Cell Lung Cancer 18  0.328 0.890 0.623  0.957 1 598
Chemokine Signaling Pathway 59 0222 0874 0777 0975 1 683
Thyroid Cancer 10 0349 0.853  0.657 1.000 1 469
Complement And Coagulation Cascades 11 0.313  0.850 0.731 0.986 1 192
Cysteine And Methionine Metabolism 6 0366 0.848 0.676 0.970 1 1244
Endometrial Cancer 18 0306 0.846 0.675 0.956 1 469
Toll Like Receptor Signaling Pathway 19 0277 0.835 0.708  0.960 1 469
Lysosome 41 0243  0.829 0.788  0.955 1 449
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Table 3.4 Continued

Vegf Signaling Pathway 26 0293 0826 0.712  0.941 1 688
Endocytosis 60 0.227 0.806 0.780  0.960 1 445
Jak Stat Signaling Pathway 26 0249 0791 0.870 0.970 1 435
Glioma 25 0270 0778 0.786  0.974 1 631
Long Term Potentiation 28 0.252  0.767 0.808  0.976 1 469
Citrate Cycle Tca Cycle 5 0415 0.766 0.816  0.960 1 561
Homologous Recombination 7 0.341 0.749  0.803  0.969 1 84
Galactose Metabolism 7 0314 0736 0774 0972 1 1051
Insulin Signaling Pathway 38 0218 0.735 0920 0.957 1 755
Selenoamino Acid Metabolism 5 0373 0713 0795 0970 1 1232
Glycosphingolipid Biosynthesis Ganglio Series 6 035 0.712 0.807 0.956 1 2328
Glycosaminoglycan Degradation 8 0302 0671 0.889 0.981 1 351
Propanoate Metabolism 10 0241 0.659 0903 0978 1 1060
Apoptosis 24 0.199 0584 0953  1.000 1 610
Primary Immunodeficiency 5 0280 0583 0949  0.995 1 2600
Metabolism Of Xenobiotics By Cytochrome P450 8 0283 0572 0.895 0985 1 512
Melanogenesis 41 0.170  0.564 0992  0.974 1 790
Metabolism Of Xenobiotics By Cytochrome P450 8 0.261 0.539 0945  0.983 1 552
Control exposed group> BPA exposed group

Histidine Metabolism 7 -0.758 -1.602 0.006 0917 0.514 200
Alzheimers Disease 36 -0436 -1.533 0.000 0953 0.776 488
Dna Replication 6 -0.691 -1433 0.088 1.000 0.956 707
Ecm Receptor Interaction 36 -0445 -1.419 0.073 1.000  0.967 575
Fatty Acid Metabolism 5 -0.638 -1.415 0.067 1.000  0.968 211
Pancreatic Cancer 22 -0471 -1.411 0.057 0.870 0974 353
Nucleotide Excision Repair 8 -0.695 -1372 0.078 0.957 0.989 821
Parkinsons Disease 14 -0.541 -1.340 0.109 1.000  0.997 537
Pathways In Cancer 112 -0.293 -1.291  0.088 1.000 1 353
Maturity Onset Diabetes Of The Young 6 -0.602 -1.282 0.106 1.000 1 55
Antigen Processing And Presentation 5 -0557 -1275 0.211 1.000 1 682
Arginine And Proline Metabolism 10 -0.645 -1.268  0.198 1.000 1 239
Porphyrin And Chlorophyll Metabolism 7 -0.531 -1.224 0.246 1.000 1 462
Arrhythmogenic Right Ventricular

Cardiomyopathy Arvc 39 -0352 -1.201 0.228  1.000 1 632
Bladder Cancer 12 -0.570 -1.198  0.278 1.000 1 353
Tyrosine Metabolism 5 -0.654 -1.198 0.236 1.000 1 537
Valine Leucine And Isoleucine Degradation 11 -0401 -1.194 0.233 1.000 1 434
Wnt Signaling Pathway 53 -0.321 -1.169 0.186  1.000 1 891
Amyotrophic Lateral Sclerosis Als 19 -0.377 -1.162  0.230 1.000 1 324
Tgf Beta Signaling Pathway 15 -0485 -1.159  0.281 1.000 1 867
Gap Junction 37 -0358 -1.148 0.244  1.000 1 418
Basal Transcription Factors 7 -0.551 -1.147 0289  0.977 1 701
Drug Metabolism Other Enzymes 7 -0.551 -1.147 0306  0.936 1 667
Colorectal Cancer 21  -0.356 -1.141  0.271 0914 1 1107
Prion Diseases & -0509 -1.132 0.278 0910 1 605
Oxidative Phosphorylation 11 -0463 -1.131 0.286  0.879 1 759
Cell Cycle 23 -0401 -1.111 0318 0915 1 271
P53 Signaling Pathway 17 -0.441 -1.109 0340  0.889 1 152
Tryptophan Metabolism 7 -0.627 -1.102 0386 0.876 1 311
Adipocytokine Signaling Pathway 19 -0.317 -1.101 0305  0.850 1 211
Regulation Of Actin Cytoskeleton 75 -0.266 -1.100 0.252  0.824 1 353
Amino Sugar And Nucleotide Sugar Metabolism 9 -0502 -1.096 0.353 0.812 1 381
Focal Adhesion 78 -0.272 -1.082 0334  0.829 1 778
Mismatch Repair 5 -0551 -1.076 0410 0.822 1 707
Glutathione Metabolism 9 -0470 -1.072 0386 0.812 1 746
Cytokine Cytokine Receptor Interaction 44 -0.292 -1.048 0365 0.856 1 1123
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Melanoma

Dilated Cardiomyopathy

Chronic Myeloid Leukemia

Vascular Smooth Muscle Contraction
Olfactory Transduction

Notch Signaling Pathway

Basal Cell Carcinoma

Arachidonic Acid Metabolism
Hypertrophic Cardiomyopathy Hcm
Intestinal Immune Network For Iga Production
Pathogenic Escherichia Coli Infection
Lysine Degradation

Hedgehog Signaling Pathway

Mapk Signaling Pathway

Natural Killer Cell Mediated Cytotoxicity
Long Term Depression

Pyrimidine Metabolism

Cardiac Muscle Contraction

Fructose And Mannose Metabolism
Oocyte Meiosis

Neurotrophin Signaling Pathway

Nod Like Receptor Signaling Pathway
Rna Degradation

Adherens Junction

Ribosome

Cytosolic Dna Sensing Pathway

Pyruvate Metabolism

Renal Cell Carcinoma

Cell Adhesion Molecules Cams

Gnrh Signaling Pathway

Huntingtons Disease

Systemic Lupus Erythematosus
Glycosaminoglycan Biosynthesis Heparan Sulfate
Beta Alanine Metabolism

Drug Metabolism Cytochrome P450

Abc Transporters

Glycolysis Gluconeogenesis

Neuroactive Ligand Receptor Interaction
Hematopoietic Cell Lineage

Epithelial Cell Signaling In Helicobacter Pylori
Infection

Aldosterone Regulated Sodium Reabsorption
One Carbon Pool By Folate

Other Glycan Degradation

23
45
22
43

18
20
11
39

10
19
94
27
29
21
18

28
42

15
39

11
23
37
40
30
10

8

7

6
17
14
51
16

16
10
5
6

-0.325
-0.273
-0.348
-0.291
-0.375
-0.338
-0.313
-0.406
-0.287
-0.398
-0.428
-0.381
-0.317
-0.215
-0.304
-0.281
-0.251
-0.301
-0.412
-0.238
-0.235
-0.394
-0.298
-0.243
-0.426
-0.370
-0.368
-0.242
-0.208
-0.236
-0.248
-0.309
-0.336
-0.316
-0.370
-0.203
-0.248
-0.171
-0.232

-0.235
-0.263
-0.342
-0.237

-1.031
-1.028
-1.012
-0.995
-0.994
-0.993
-0.991
-0.991
-0.984
-0.970
-0.960
-0.960
-0.957
-0.932
-0.926
-0.922
-0.905
-0.894
-0.875
-0.844
-0.842
-0.841
-0.833
-0.832
-0.826
-0.822
-0.818
-0.805
-0.772
-0.748
-0.734
-0.732
-0.724
-0.708
-0.705
-0.695
-0.694
-0.655
-0.646

-0.640
-0.632
-0.612
-0.486

0.416
0.419
0.436
0.455
0.482
0.468
0.472
0.487
0.531
0.551
0.519
0.525
0.568
0.702
0.606
0.653
0.588
0.638
0.626
0.674
0.705
0.651
0.773
0.695
0.697
0.688
0.701
0.813
0.811
0.808
0.939
0.776
0.786
0.793
0.809
0.920
0.886
0.968
0.910

0.865
0.920
0.926
0.984

0.885
0.869
0.896
0.921
0.901
0.881
0.867
0.848
0.845
0.864
0.869
0.853
0.841
0.883
0.879
0.873
0.896
0.905
0.929
0.981
0.967
0.953
0.951
0.937
0.934
0.926
0.919
0.927
0.968
0.991
0.997
0.985
0.981
0.987
0.976
0.972
0.960
0.984
0.977

0.970
0.963
0.963
0.993

Table 3.4 Continued

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

1
1
1
1

353
219
657
605
1025
292
692
206
219
1115
196
326
800
605
633
761
511
962
381
433
771
910
634
632
194
847
809
416
525
605
476
636
645
200
746
2884
612
78
44

813
353
1086
365

ES, enrichment score; NES, normalized enrichment score;NOM p-val, Nominal p value; FWER p-val,familywise-error rate
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Fig. 3.1. BPA {b5 A&

Orally administered a daily
dose of BPA

(0, 200 ug/kg body weight)
(Cont, dam=5; BPA, dam=6)

AL
'd Y
GD6 GD18 fzw
| | | | C57BL/6J |
I 1 1 |
Gestation Birth dissection
male

Extraction DNA of hippocampus

¥

MSD-AFLP
(Cont, n=6; BPA, n=6)

Fig. 3.2. BPA Oe AR ER 5 FHRA r ¥ a—L
IR~ 7 Ak L BPA Z4FiE6 HE KV IER 18 HH £ TO 12 HREEBA R OG- L

7o #H-H&EITBPA (0pgkg, 200 ugkg) % Mo, 4% 84 Him (PND84) (23
WTHEREIF L 0 B 235 H L, % DNA %Z MSD-AFLP J£(Z X 0 gt L=,

78



0I L} L] L] L] L] L] 1
0 7 14 21 28 35 42 49 TND
C. d.
12
10
- 87
= S
a z O
o o
<t < 4
5] 2
0 ' ' ! ' ' ' ' Ol T T Ll L L) L) 1
0 7 14 21 28 35 42 49 p\p 0 7 14 21 28 35 42 49 PND

—* Vehicle * 200 ug BPA/kg

Fig. 3.3. AR ORE I L ONLF AR R EERE (AGD) DZEAL
alffDOIRE, bMEOKE, cfid AGD/IAE., d.iid AGD/HAE,

79



Teeb?2

60 T T
<C
=
£ 40 1
X
g 20 1
<C
5
S
0 .
vehicle 200 ug BPA/kg

Fig. 3.4. BPA D if /EWIRREE IC K DS I2F1T D Teeb2 mRNA FHL L~ L

PND84 DA 2 DUEHIZIN T, vehicle # 58 (n=6) & BPA 200 pg/kg 58 (n=6
) @ Teeb2 mRNA 35l L ~UL % E & RT-PCR THER L7-, L2ovL., Blbidmti Tt
o,

80



Site number

BPA

MF (%)

100

1000

800

[o2]
o
o

400

200

20 40 60 80 100 MF(%)

= Control
" BPA

Cont.

I 1
20 40 60 80 100
Methylation frequency(%)

;k/\o_:)'\l‘jli<

81



c 1500

°

Cont1 o
BPA.1

1000

500 = o Cont.3
®Cont.2

Cont4 e

PCA2

°
BPA3
®

BPA.2

®
-500 — Cont.5

BPA.4e,
BPA.6

-10007] ® BPAS

® Cont.6
| | | |

0 1000 2000 3000

Color Key PCA1
and Histogram

1500

o
Count
0 500

Value

nf‘

!IIIHIIIIF—

AN LR RN
JULARCH /I\ I

||
A0
[

|

LTl

1 IH{ I 11
1

I
Il

’ | HHIWI‘I\\ III\ IH

A T
IH |

HI |

WAL {111
[H\

HH
\I

Fig. 3.5. MSD-AFLP {52 £ 5 A T /14 tﬁ%ﬁ

aXIHRRE (n=6) & BPA RLEREE (n=6) O MF EDOFHDOEARK, b.xtEEE L BPA AL
HEEO AT NVALBEE D A N7 T A, %\f@?4yi%h%h$ﬁﬂ%ﬁ TR
BPA ZLEERED ) 2~ d, ok EHEE & BPA MLBRRE D k5 45 #T. ixfﬁ’é%i

Z . RO AL BPA ALEREE A7~ T, doxfRHEE & BPA JLEERED g & 72 AN/

et FREEZ . RF T BPA ALFERE 2 7R (n=12),

82



TS

BREG YA FEWE 2 EOIRAENIRRIC Lo TSR &by ) 281
I DIRFBIEIE Y A 727D Z LR ESTWn D, LavL, BEEEY LY
BEIREIC L > TAL L X o v s 7 A 0L, #8858 TR DT Y FH REWVE
THREIND, LI > T AFIWUELD/NSIBREB BT TE D X ORE L ERENE <,

SRR A [RIRFALEE C X 5 HEIRRIBRMM 72 7/ DU A FRFENSEL SN TND

Z 2T, ARRFZE TR, A F Uk CpG D F % HE7k 9 % methylated site display (MSD)
hEER L, Zh % amplified fragment length polymorphism (AFLP) & A&t 2 Z
ETEMIRE AWV TS IR BT SR E 0D 7 ) AT A RIZA FIALBE % fi
TE DN TMSD-AFLP ¥5] #BR%E L7z, & HIZH S L= MSD-AFLP 1D #% e
DT ITHDOKM (k5. Bk, Th&) Z AT L. MSD-AFLP {%i% CpG A F/v

LB Z @O M ICRIE TE 5 Z &R EnT,

FERIZ, RHETAF L CpG (LI D 2 ENT TILELHMESNTVWDHER
FALEME CH D BPAICZ O FiEEEA Lz, L L BPARE~ T ADWE THE
IRAEENIMERE TE R oo, EAEEE O BRI IR AT I 15 Td D MSD-AFLP £ T
Mr &7 - 7212 6 B bR & BPA JAEMNRTRIC L 2 A FAALZEITER S b )
S22 LB, BPAILK DR BT ) DA RO SAETIdHRD TH 7207, 1E

EAETWEDEHEES N,

St S REEES MEFREICE 2200 =T 4 v 7 BIbEBETT 5

ETH, AREHSCTHZE L7 MSD-AFLP iEIZARhE b tEZ2 N5, £7-. DA

83



MDD DNA A F AL 72 ERMBAICBIT AT E Y 2T 4 v I ~—H— DR

EISHTE D LB,

84



51 FA3CHER

1. Wu C, Morris JR. Genes, genetics, and epigenetics: a correspondence. Science
2001;293:1103-5.

2. Walsh CP, Chaillet JR, Bestor TH. Transcription of IAP endogenous retroviruses is
constrained by cytosine methylation. Nat Genet 1998;20:116-7.

3. Prendergast GC, Ziff EB. Methylation-sensitive sequence-specific DNA binding by the
c-Myc basic region. Science 1991;251:186-9.

4. Nan X, Ng HH, Johnson CA, Laherty CD, Turner BM, Eisenman RN, Bird A.
Transcriptional repression by the methyl-CpG-binding protein MeCP2 involves a
histone deacetylase complex. Nature 1998;393:386-9.

5. Jones PL, Veenstra GJ, Wade PA, Vermaak D, Kass SU, Landsberger N, Strouboulis J,
Wolffe AP. Methylated DNA and MeCP2 recruit histone deacetylase to repress
transcription. Nat Genet 1998;19:187-91.

6. Oka D, Yamashita S, Tomioka T, Nakanishi Y, Kato H, Kaminishi M, Ushijima T. The
presence of aberrant DNA methylation in noncancerous esophageal mucosae in
association with smoking history: a target for risk diagnosis and prevention of
esophageal cancers. Cancer 2009;115:3412-26.

7. Lei H, Oh SP, Okano M, Juttermann R, Goss KA, Jaenisch R, Li E. De novo DNA
cytosine methyltransferase activities in mouse embryonic stem cells. Development
1996;122:3195-205.

8. Okano M, Bell DW, Haber DA, Li E. DNA methyltransferases Dnmt3a and Dnmt3b
are essential for de novo methylation and mammalian development. Cell 1999;99:247-

57.

85



10.

11.

12.

13.

14.

15.

16.

17.

Barker DJ, Osmond C. Infant mortality, childhood nutrition, and ischaemic heart disease

in England and Wales. Lancet 1986;1:1077-81.

Barker DJ, Osmond C, Law CM. The intrauterine and early postnatal origins of
cardiovascular disease and chronic bronchitis. J Epidemiol Community Health
1989;43:237-40.

Osmond C, Barker DJ, Slattery JM. Risk of death from cardiovascular disease and
chronic bronchitis determined by place of birth in England and Wales. J Epidemiol
Community Health 1990;44:139-41.

Barker DJ, Eriksson JG, Forsen T, Osmond C. Fetal origins of adult disease: strength of
effects and biological basis. Int J Epidemiol 2002;31:1235-9.

Barker DJ, Martyn CN, Osmond C, Hales CN, Fall CH. Growth in utero and serum
cholesterol concentrations in adult life. Bmj 1993;307:1524-7.

Barker DJ. The fetal and infant origins of disease. Eur J Clin Invest 1995;25:457-63.
Gluckman PD, Hanson MA. Living with the past: evolution, development, and patterns
of disease. Science 2004;305:1733-6.

Sinclair KD, Lea RG, Rees WD, Young LE. The developmental origins of health and
disease: current theories and epigenetic mechanisms. Soc Reprod Fertil Suppl
2007;64:425-43.

Gillman MW, Barker D, Bier D, Cagampang F, Challis J, Fall C, Godfrey K, Gluckman
P, Hanson M, Kuh D, Nathanielsz P, Nestel P, Thornburg KL. Meeting report on the
3rd International Congress on Developmental Origins of Health and Disease (DOHaD).

Pediatr Res 2007;61:625-9.

86



18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Waterland RA, Michels KB. Epigenetic epidemiology of the developmental origins
hypothesis. Annu Rev Nutr 2007;27:363-88.

Poirier LA. The effects of diet, genetics and chemicals on toxicity and aberrant DNA
methylation: an introduction. J Nutr 2002;132:2336S-2339S.

Braun JM, Kahn RS, Froehlich T, Auinger P, Lanphear BP. Exposures to environmental
toxicants and attention deficit hyperactivity disorder in U.S. children. Environ Health
Perspect 2006;114:1904-9.

Peden DB. Development of atopy and asthma: candidate environmental influences and
important periods of exposure. Environ Health Perspect 2000;108 Suppl 3:475-82.
Sorensen N, Murata K, Budtz-Jorgensen E, Weihe P, Grandjean P. Prenatal
methylmercury exposure as a cardiovascular risk factor at seven years of age.
Epidemiology 1999;10:370-5.

Bouchard MF, Bellinger DC, Wright RO, Weisskopf MG. Attention-
deficit/hyperactivity disorder and urinary metabolites of organophosphate pesticides.
Pediatrics 2010;125:e1270-7.

Li YF, Langholz B, Salam MT, Gilliland FD. Maternal and grandmaternal smoking
patterns are associated with early childhood asthma. Chest 2005;127:1232-41.
Bandiera FC, Richardson AK, Lee DJ, He JP, Merikangas KR. Secondhand smoke
exposure and mental health among children and adolescents. Archives of pediatrics &
adolescent medicine 2011;165:332-8.

(NIH) NIoH. National Children's Study

Kim BM, Ha M, Park HS, Lee BE, Kim YJ, Hong YC, Kim Y, Chang N, Roh YM, Kim
BN, Oh SY, Ha EH. The Mothers and Children's Environmental Health (MOCEH)

study. European journal of epidemiology 2009;24:573-83.
87



28.

29.

30.

31.

32.

33.

34.

35.

Commission E. OBELIX (OBesogenic Endocrine disrupting chemicals: LInking
prenatal eXposure to the development of obesity later in life ) .

Onishchenko N, Karpova N, Sabri F, Castren E, Ceccatelli S. Long-lasting depression-
like behavior and epigenetic changes of BDNF gene expression induced by perinatal
exposure to methylmercury. J Neurochem 2008;106:1378-87.

Li S, Washburn KA, Moore R, Uno T, Teng C, Newbold RR, McLachlan JA, Negishi
M. Developmental exposure to diethylstilbestrol elicits demethylation of estrogen-
responsive lactoferrin gene in mouse uterus. Cancer Res 1997;57:4356-9.

Anway MD, Cupp AS, Uzumcu M, Skinner MK. Epigenetic transgenerational actions
of endocrine disruptors and male fertility. Science 2005;308:1466-9.

Inawaka K, Kawabe M, Takahashi S, Doi Y, Tomigahara Y, Tarui H, Abe J, Kawamura
S, Shirai T. Maternal exposure to anti-androgenic compounds, vinclozolin, flutamide
and procymidone, has no effects on spermatogenesis and DNA methylation in male rats
of subsequent generations. Toxicol Appl Pharmacol 2009;237:178-87.

Ho SM, Tang WY, Belmonte de Frausto J, Prins GS. Developmental exposure to
estradiol and bisphenol A increases susceptibility to prostate carcinogenesis and
epigenetically regulates phosphodiesterase type 4 variant 4. Cancer Res 2006;66:5624-
32.

Dolinoy DC, Huang D, Jirtle RL. Maternal nutrient supplementation counteracts
bisphenol A-induced DNA hypomethylation in early development. Proc Natl Acad Sci
U S A 2007;104:13056-61.

Yaoi T, Itoh K, Nakamura K, Ogi H, Fujiwara Y, Fushiki S. Genome-wide analysis of
epigenomic alterations in fetal mouse forebrain after exposure to low doses of bisphenol

A. Biochem Biophys Res Commun 2008;376:563-7.
88



36.

37.

38.

39.

40.

41.

42.

Hou L, Zhang X, Wang D, Baccarelli A. Environmental chemical exposures and human
epigenetics. International journal of epidemiology 2012;41:79-105.

Y. Hayashizaki HS, S. Hirotsune, H. Sugino, Y. Okazaki, N. Sasaki, K. Hirose, H. Imoto,
H. Okuizumi, M. Muramatsu, H. Komatsubara, T. Shiroishi, K. Moriwaki, M. Katsuki,
N. Hatano, H. Sasaki, T. Ueda, N. Mise, N. Takagi, C. Plass & V.M. Chapman.
Identification of an imprinted U2af binding protein related sequence on mouse
chromosome 11 using the RLGS method. Nat Genet 1994;6:33-40.

Ando Y, Hayashizaki Y. Restriction landmark genomic scanning. Nat Protoc
2006;1:2774-83.

Costello JF, Fruhwald MC, Smiraglia DJ, Rush LJ, Robertson GP, Gao X, Wright FA,
Feramisco JD, Peltomaki P, Lang JC, Schuller DE, Yu L, Bloomfield CD, Caligiuri MA,
Yates A, Nishikawa R, Su Huang H, Petrelli NJ, Zhang X, O'Dorisio MS, Held WA,
Cavenee WK, Plass C. Aberrant CpG-island methylation has non-random and tumour-
type-specific patterns. Nature genetics 2000;24:132-8.

Kawai J, Hirotsune S, Hirose K, Fushiki S, Watanabe S, Hayashizaki Y. Methylation
profiles of genomic DNA of mouse developmental brain detected by restriction
landmark genomic scanning (RLGS) method. Nucleic acids research 1993;21:5604-8.
Song F, Smith JF, Kimura MT, Morrow AD, Matsuyama T, Nagase H, Held WA.
Association of tissue-specific differentially methylated regions (TDMs) with
differential gene expression. Proceedings of the National Academy of Sciences of the
United States of America 2005;102:3336-41.

Allegrucci C, Wu YZ, Thurston A, Denning CN, Priddle H, Mummery CL, Ward-van
Oostwaard D, Andrews PW, Stojkovic M, Smith N, Parkin T, Jones ME, Warren G, Yu

L, Brena RM, Plass C, Young LE. Restriction landmark genome scanning identifies

89



43.

44.

45.

46.

47.

48.

49.

culture-induced DNA methylation instability in the human embryonic stem cell
epigenome. Human molecular genetics 2007;16:1253-68.

Khulan B, Thompson RF, Ye K, Fazzari MJ, Suzuki M, Stasiek E, Figueroa ME, Glass
JL, Chen Q, Montagna C, Hatchwell E, Selzer RR, Richmond TA, Green RD, Melnick
A, Greally JM. Comparative isoschizomer profiling of cytosine methylation: the HELP
assay. Genome Res 2006;16:1046-55.

Figueroa ME, Melnick A, Greally JM. Genome-wide determination of DNA
methylation by Hpa II tiny fragment enrichment by ligation-mediated PCR (HELP) for
the study of acute leukemias. Methods Mol Biol 2009;538:395-407.

Weber M, Davies JJ, Wittig D, Oakeley EJ, Haase M, Lam WL, Schubeler D.
Chromosome-wide and promoter-specific analyses identify sites of differential DNA
methylation in normal and transformed human cells. Nat Genet 2005;37:853-62.
Wilson IM, Davies JJ, Weber M, Brown CJ, Alvarez CE, MacAulay C, Schubeler D,
Lam WL. Epigenomics: mapping the methylome. Cell Cycle 2006;5:155-8.

Tomazou EM, Rakyan VK, Lefebvre G, Andrews R, Ellis P, Jackson DK, Langford C,
Francis MD, Backdahl L, Miretti M, Coggill P, Ottaviani D, Sheer D, Murrell A, Beck
S. Generation of a genomic tiling array of the human major histocompatibility complex
(MHC) and its application for DNA methylation analysis. BMC Med Genomics
2008;1:19.

Vucic EA, Wilson IM, Campbell JM, Lam WL. Methylation analysis by DNA
immunoprecipitation (MeDIP). Methods Mol Biol 2009;556:141-53.

Miura F, Enomoto Y, Dairiki R, Ito T. Amplification-free whole-genome bisulfite

sequencing by post-bisulfite adaptor tagging. Nucleic Acids Res 2012.

90



50.

S1.

52.

53.

54.

55.

56.

Gonzalgo ML, Liang G, Spruck CH, 3rd, Zingg JM, Rideout WM, 3rd, Jones PA.
Identification and characterization of differentially methylated regions of genomic DNA
by methylation-sensitive arbitrarily primed PCR. Cancer Res 1997;57:594-9.

Liang G, Salem CE, Yu MC, Nguyen HD, Gonzales FA, Nguyen TT, Nichols PW,
Jones PA. DNA methylation differences associated with tumor tissues identified by
genome scanning analysis. Genomics 1998;53:260-8.

Hatada I, Kato A, Morita S, Obata Y, Nagaoka K, Sakurada A, Sato M, Horii A,
Tsujimoto A, Matsubara K. A microarray-based method for detecting methylated loci.
J Hum Genet 2002;47:448-51.

Estecio MR, Yan PS, Huang TH, Issa JP. Methylated CpG Island Amplification and
Microarray (MCAM) for High-Throughput Analysis of DNA Methylation. CSH Protoc
2008;2008:pdb prot4974.

Hatada I, Fukasawa M, Kimura M, Morita S, Yamada K, Yoshikawa T, Yamanaka S,
Endo C, Sakurada A, Sato M, Kondo T, Horii A, Ushijima T, Sasaki H. Genome-wide
profiling of promoter methylation in human. Oncogene 2006;25:3059-64.

Rauch T, Li H, Wu X, Pfeifer GP. MIRA-assisted microarray analysis, a new
technology for the determination of DNA methylation patterns, identifies frequent
methylation of homeodomain-containing genes in lung cancer cells. Cancer research
2006;66:7939-47.

Bibikova M, Le J, Barnes B, Saedinia-Melnyk S, Zhou L, Shen R, Gunderson KL.
Genome-wide DNA methylation profiling using Infinium(R) assay. Epigenomics

2009;1:177-200.

91



57.

38.

59.

60.

61.

62.

63.

64.

Bibikova M, Barnes B, Tsan C, Ho V, Klotzle B, Le JM, Delano D, Zhang L, Schroth
GP, Gunderson KL, Fan JB, Shen R. High density DNA methylation array with single
CpG site resolution. Genomics 2011;98:288-95.

Harris EY, Ponts N, Levchuk A, Roch KL, Lonardi S. BRAT: bisulfite-treated reads
analysis tool. Bioinformatics 2010;26:572-3.

Warnecke PM, Stirzaker C, Melki JR, Millar DS, Paul CL, Clark SJ. Detection and
measurement of PCR bias in quantitative methylation analysis of bisulphite-treated
DNA. Nucleic Acids Res 1997;25:4422-6.

Wang Z, Gerstein M, Snyder M. RNA-Seq: a revolutionary tool for transcriptomics. Nat
Rev Genet 2009;10:57-63.

Meissner A, Gnirke A, Bell GW, Ramsahoye B, Lander ES, Jaenisch R. Reduced
representation bisulfite sequencing for comparative high-resolution DNA methylation
analysis. Nucleic Acids Res 2005;33:5868-77.

Gu H, Smith ZD, Bock C, Boyle P, Gnirke A, Meissner A. Preparation of reduced
representation bisulfite sequencing libraries for genome-scale DNA methylation
profiling. Nat Protoc 2011;6:468-81.

Zeschnigk M, Martin M, Betzl G, Kalbe A, Sirsch C, Buiting K, Gross S, Fritzilas E,
Frey B, Rahmann S, Horsthemke B. Massive parallel bisulfite sequencing of CG-rich
DNA fragments reveals that methylation of many X-chromosomal CpG islands in
female blood DNA is incomplete. Hum Mol Genet 2009;18:1439-48.

Loman NJ, Misra RV, Dallman TJ, Constantinidou C, Gharbia SE, Wain J, Pallen MJ.
Performance comparison of benchtop high-throughput sequencing platforms. Nat

Biotechnol 2012;30:434-9.

92



65.

66.

67.

68.

69.

70.

71.

72.

Pomraning KR, Smith KM, Freitag M. Genome-wide high throughput analysis of DNA
methylation in eukaryotes. Methods 2009;47:142-50.

Brinkman AB, Simmer F, Ma K, Kaan A, Zhu J, Stunnenberg HG. Whole-genome DNA
methylation profiling using MethylCap-seq. Methods 2010;52:232-6.

Brunner AL, Johnson DS, Kim SW, Valouev A, Reddy TE, Neff NF, Anton E, Medina
C, Nguyen L, Chiao E, Oyolu CB, Schroth GP, Absher DM, Baker JC, Myers RM.
Distinct DNA methylation patterns characterize differentiated human embryonic stem
cells and developing human fetal liver. Genome Res 2009;19:1044-56.

Suzuki M, Jing Q, Lia D, Pascual M, McLellan A, Greally JM. Optimized design and
data analysis of tag-based cytosine methylation assays. Genome Biol 2010;11:R36.
Wang L, Sun J, Wu H, Liu S, Wang J, Wu B, Huang S, Li N, Wang J, Zhang X.
Systematic assessment of reduced representation bisulfite sequencing to human blood
samples: A promising method for large-sample-scale epigenomic studies. J Biotechnol
2011;157:1-6.

Melnikov AA, Gartenhaus RB, Levenson AS, Motchoulskaia NA, Levenson
Chernokhvostov VV. MSRE-PCR for analysis of gene-specific DNA methylation.
Nucleic Acids Res 2005;33:€93.

McClelland M, Mathieu-Daude F, Welsh J. RNA fingerprinting and differential display
using arbitrarily primed PCR. Trends Genet 1995;11:242-6.

Y. Kasama KK, R Araki,M.Abe. HiCEP ho detakaishekinokohdoka

kouritukanotamenokaiseki sofutoea HiAL no kaihatu(inJapanese). NIRS Technolog

2012;6:100-106.

93



73.

74.

75.

76.

T7.

78.

79.

Benjamini YaH, Y. Controlling the false discovery rate: a practical and powerful
approach to multiple testing. Volume 57: Journal of The Royal Statistical Society Series
B-statistical Methodology 1995: 289-300.

Song F, Smith JF, Kimura MT, Morrow AD, Matsuyama T, Nagase H, Held WA.
Association of tissue-specific differentially methylated regions (TDMs) with
differential gene expression. Proc Natl Acad Sci U S A 2005;102:3336-41.

Kitamura E, Igarashi J, Morohashi A, Hida N, Oinuma T, Nemoto N, Song F, Ghosh S,
Held WA, Yoshida-Noro C, Nagase H. Analysis of tissue-specific differentially
methylated regions (TDMs) in humans. Genomics 2007;89:326-37.

Wong NC, Ng J, Hall NE, Lunke S, Salmanidis M, Brumatti G, Ekert PG, Craig JM,
Saffery R. Exploring the utility of human DNA methylation arrays for profiling mouse
genomic DNA. Genomics 2013;102:38-46.

Schroeder DI, Blair JD, Lott P, Yu HO, Hong D, Crary F, Ashwood P, Walker C, Korf
I, Robinson WP, LaSalle JM. The human placenta methylome. Proc Natl Acad Sci U S
A 2013;110:6037-42.

Powell C, Grant AR, Cornblath E, Goldman D. Analysis of DNA methylation reveals a
partial reprogramming of the Muller glia genome during retina regeneration. Proc Natl
Acad Sci U S A 2013;110:19814-9.

Trimarchi MP, Murphy M, Frankhouser D, Rodriguez BA, Curfman J, Marcucci G, Yan
P, Bundschuh R. Enrichment-based DNA methylation analysis using next-generation
sequencing: sample exclusion, estimating changes in global methylation, and the

contribution of replicate lanes. BMC Genomics 2012;13 Suppl 8:S6.

94



80.

81.

82.

83.

84.

85.

Jang YJ, Park HR, Kim TH, Yang WJ, Lee JJ, Choi SY, Oh SB, Lee E, Park JH, Kim
HP, Kim HS, Lee J. High dose bisphenol A impairs hippocampal neurogenesis in female
mice across generations. Toxicology 2012;296:73-82.

Diaz A, Park K, Lim DA, Song JS. Normalization, bias correction, and peak calling for
ChIP-seq. Stat Appl Genet Mol Biol 2012;11:Article 9.

Harony-Nicolas H, Mamrut S, Brodsky L, Shahar-Gold H, Barki-Harrington L, Wagner
S. Brain region-specific methylation in the promoter of the murine oxytocin receptor
gene is involved in its expression regulation. Psychoneuroendocrinology 2014;39:121-
31.

Gupta R, Nagarajan A, Wajapeyee N. Advances in genome-wide DNA methylation
analysis. Biotechniques 2010;49:iii-xi.

Thomas RK, Nickerson E, Simons JF, Janne PA, Tengs T, Yuza Y, Garraway LA,
LaFramboise T, Lee JC, Shah K, O'Neill K, Sasaki H, Lindeman N, Wong KK, Borras
AM, Gutmann EJ, Dragnev KH, DeBiasi R, Chen TH, Glatt KA, Greulich H, Desany
B, Lubeski CK, Brockman W, Alvarez P, Hutchison SK, Leamon JH, Ronan MT,
Turenchalk GS, Egholm M, Sellers WR, Rothberg JM, Meyerson M. Sensitive mutation
detection in heterogeneous cancer specimens by massively parallel picoliter reactor
sequencing. Nat Med 2006;12:852-5.

Reijans M, Lascaris R, Groeneger AO, Wittenberg A, Wesselink E, van Oeveren J, de
Wit E, Boorsma A, Voetdijk B, van der Spek H, Grivell LA, Simons G. Quantitative
comparison of cDNA-AFLP, microarrays, and GeneChip expression data in

Saccharomyces cerevisiae. Genomics 2003;82:606-18.

95



86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

Iwamoto K, Bundo M, Ueda J, Oldham MC, Ukai W, Hashimoto E, Saito T, Geschwind
DH, Kato T. Neurons show distinctive DNA methylation profile and higher
interindividual variations compared with non-neurons. Genome Res 2011;21:688-96.
Farkas SA, Milutin-Gasperov N, Grce M, Nilsson TK. Genome-wide DNA methylation
assay reveals novel candidate biomarker genes in cervical cancer. Epigenetics 2013;8.
Sato T, Arai E, Kohno T, Tsuta K, Watanabe S, Soejima K, Betsuyaku T, Kanai Y.
DNA methylation profiles at precancerous stages associated with recurrence of lung
adenocarcinoma. PLoS One 2013;8:e59444.

Ueno H, Okita H, Akimoto S, Kobayashi K, Nakabayashi K, Hata K, Fujimoto J, Hata
J, Fukuzawa M, Kiyokawa N. DNA methylation profile distinguishes clear cell sarcoma
of the kidney from other pediatric renal tumors. PLoS One 2013;8:e62233.

Xu E, Gu J, Hawk ET, Wang KK, Lai M, Huang M, Ajani J, Wu X. Genome-wide
methylation analysis shows similar patterns in Barrett's esophagus and esophageal
adenocarcinoma. Carcinogenesis 2013;34:2750-6.

Ehrlich M. DNA hypomethylation in cancer cells. Epigenomics 2009;1:239-59.
Clevers H. The cancer stem cell: premises, promises and challenges. Nature medicine
2011;17:313-9.

Takeishi S, Matsumoto A, Onoyama I, Naka K, Hirao A, Nakayama KI. Ablation of
Fbxw7 eliminates leukemia-initiating cells by preventing quiescence. Cancer cell
2013;23:347-61.

Nagano O, Okazaki S, Saya H. Redox regulation in stem-like cancer cells by CD44
variant isoforms. Oncogene 2013;32:5191-8.

Nakanishi Y, Seno H, Fukuoka A, Ueo T, Yamaga Y, Maruno T, Nakanishi N, Kanda

K, Komekado H, Kawada M, Isomura A, Kawada K, Sakai Y, Yanagita M, Kageyama
96



96.

97.

98.

99.

100.

101.

102.

103.

104.

R, Kawaguchi Y, Taketo MM, Yonehara S, Chiba T. Dclkl distinguishes between
tumor and normal stem cells in the intestine. Nature genetics 2013;45:98-103.

Balic M, Schwarzenbacher D, Stanzer S, Heitzer E, Auer M, Geigl JB, Cote RJ, Datar
RH, Dandachi N. Genetic and epigenetic analysis of putative breast cancer stem cell
models. BMC Cancer 2013;13:358.

Cho RW, Clarke MF. Recent advances in cancer stem cells. Curr Opin Genet Dev
2008;18:48-53.

Lee EJ, Luo J, Wilson JM, Shi H. Analyzing the cancer methylome through targeted
bisulfite sequencing. Cancer Lett 2013;340:171-8.

Ministry of Economy TI. Results of the Regional Economic and Industrial Research
2013.

(EFSA) Efsa. ENDORSED FOR PUBLIC CONSULTATION DRAFT SCIENTIFIC
OPINION. DRAFT Scientific Opinion on the risks to public health related to the 4
presence of bisphenol A (BPA) in foodstuffs — Part: exposure assessment EFSA Panel
on Food Contact Materials, Enzymes, Flavourings and Processing Aids (CEF), 2013.
(FDA) TUSFaDA. Update on Bisphenol A (BPA) for Use in Food Contact Applications.
2013.

Canada H. Helth Canada,s Updated Assessment of BIsphenol A(BPA) Exposure from
Food sources, 2012.

ANSES. Health effects report.  2011.

Yokota H, Iwano H, Endo M, Kobayashi T, Inoue H, Ikushiro S, Yuasa A.
Glucuronidation of the environmental oestrogen bisphenol A by an isoform of UDP-

glucuronosyltransferase, UGT2BI1, in the rat liver. Biochem J 1999;340 ( Pt 2):405-9.

97



105.

106.

107.

108.

109.

110.

111.

Volkel W, Colnot T, Csanady GA, Filser JG, Dekant W. Metabolism and kinetics of
bisphenol a in humans at low doses following oral administration. Chem Res Toxicol
2002;15:1281-7.

Kurebayashi H, Harada R, Stewart RK, Numata H, Ohno Y. Disposition of a low dose
of bisphenol a in male and female cynomolgus monkeys. Toxicol Sci 2002;68:32-42.
Pottenger LH, Domoradzki JY, Markham DA, Hansen SC, Cagen SZ, Waechter JM, Jr.
The relative bioavailability and metabolism of bisphenol A in rats is dependent upon
the route of administration. Toxicol Sci 2000;54:3-18.

Feldman D, Stathis PA, Hirst MA, Stover EP, Do YS. Saccharomyces cerevisiae
produces a yeast substance that exhibits estrogenic activity in mammalian systems.
Science 1984;224:1109-11.

Krishnan AV, Stathis P, Permuth SF, Tokes L, Feldman D. Bisphenol-A: an estrogenic
substance is released from polycarbonate flasks during autoclaving. Endocrinology
1993;132:2279-86.

vom Saal FS, Cooke PS, Buchanan DL, Palanza P, Thayer KA, Nagel SC, Parmigiani
S, Welshons WV. A physiologically based approach to the study of bisphenol A and
other estrogenic chemicals on the size of reproductive organs, daily sperm production,
and behavior. Toxicol Ind Health 1998;14:239-60.

Nagel SC, vom Saal FS, Thayer KA, Dhar MG, Boechler M, Welshons WV. Relative
binding affinity-serum modified access (RBA-SMA) assay predicts the relative in vivo
bioactivity of the xenoestrogens bisphenol A and octylphenol. Environ Health Perspect

1997;105:70-6.

98



112.

113.

114.

115.

116.

117.

118.

119.

National Toxicology Progaram UDoHaHS. NTP-CHRHR Monograph on the Potential
Human Reproductive and Developmental Effects of Bisphenol-A. Volume No.08-5994,
2008.

Sakaue M, Ohsako, S, Ishimura, R, Kurosawa, S, Kurohmaru, M, Hayashi, Y, Aoki, Y,
Yonemoto, J, and Tohyama C. Bisphenol-A affects spermatogenesis in the adult rat
even at a low dose. J , Occupational Health 2001;43:185-190.

Ashby J, Tinwell H, Haseman J. Lack of effects for low dose levels of bisphenol A and
diethylstilbestrol on the prostate gland of CF1 mice exposed in utero. Regul Toxicol
Pharmacol 1999;30:156-66.

Cagen SZ, Waechter JM, Jr., Dimond SS, Breslin WJ, Butala JH, Jekat FW, Joiner RL,
Shiotsuka RN, Veenstra GE, Harris LR. Normal reproductive organ development in CF-
1 mice following prenatal exposure to bisphenol A. Toxicol Sci 1999;50:36-44.

Ashby J, Tinwell H, Lefevre PA, Joiner R, Haseman J. The effect on sperm production
in adult Sprague-Dawley rats exposed by gavage to bisphenol A between postnatal days
91-97. Toxicol Sci 2003;74:129-38.

Tyl RW, Myers CB, Marr MC, Thomas BF, Keimowitz AR, Brine DR, Veselica MM,
Fail PA, Chang TY, Seely JC, Joiner RL, Butala JH, Dimond SS, Cagen SZ, Shiotsuka
RN, Stropp GD, Waechter JM. Three-generation reproductive toxicity study of dietary
bisphenol A in CD Sprague-Dawley rats. Toxicol Sci 2002;68:121-46.

Ema M, Fujii S, Furukawa M, Kiguchi M, Ikka T, Harazono A. Rat two-generation
reproductive toxicity study of bisphenol A. Reprod Toxicol 2001;15:505-23.

Ashby J, Tinwell H, Odum J, Lefevre P. Natural variability and the influence of
concurrent control values on the detection and interpretation of low-dose or weak

endocrine toxicities. Environ Health Perspect 2004;112:847-53.
99



120.

121.

122.

123.

124.

125.

126.

127.

Elswick BA, Miller FJ, Welsch F. Comments to the editor concerning the paper entitled
"Reproductive malformation of the male offspring following maternal exposure to
estrogenic chemicals" by C. Gupta. Exp Biol Med (Maywood) 2001;226:74-5;
discussion 76-7.

Times ML, Reickert CA. Functional anorectal disorders. Clin Colon Rectal Surg
2005;18:109-15.

vom Saal FS, Welshons WV. Large effects from small exposures. II. The importance of
positive controls in low-dose research on bisphenol A. Environ Res 2006;100:50-76.
Miyagawa K, Narita M, Narita M, Akama H, Suzuki T. Memory impairment associated
with a dysfunction of the hippocampal cholinergic system induced by prenatal and
neonatal exposures to bisphenol-A. Neuroscience Letters 2007;418:236-241.

Suzuki T, Mizuo K, Nakazawa H, Funae Y, Fushiki S, Fukushima S, Shirai T, Narita
M. Prenatal and neonatal exposure to bisphenol-a enhances the central dopamine d1
receptor-mediated action in mice: enhancement of the methamphetamine-induced abuse
state. Neuroscience 2003;117:639-644.

Fujimoto T, Kubo K, Aou S. Prenatal exposure to bisphenol A impairs sexual
differentiation of exploratory behavior and increases depression-like behavior in rats.
Brain Res 2006;1068:49-55.

Rubin BS, Lenkowski JR, Schaeberle CM, Vandenberg LN, Ronsheim PM, Soto AM.
Evidence of altered brain sexual differentiation in mice exposed perinatally to low,
environmentally relevant levels of bisphenol A. Endocrinology 2006;147:3681-91.
Ishido M, Yonemoto J, Morita M. Mesencephalic neurodegeneration in the orally

administered bisphenol A-caused hyperactive rats. Toxicol Lett 2007;173:66-72.

100



128.

129.

130.

131.

132.

133.

134.

135.

Leranth C, Hajszan T, Szigeti-Buck K, Bober J, MacLusky NIJ. Bisphenol A prevents
the synaptogenic response to estradiol in hippocampus and prefrontal cortex of
ovariectomized nonhuman primates. Proceedings of the National Academy of Sciences
of the United States of America 2008;105:14187-91.

Leranth C, Szigeti-Buck K, Maclusky NJ, Hajszan T. Bisphenol A prevents the
synaptogenic response to testosterone in the brain of adult male rats. Endocrinology
2008;149:988-94.

Canada E. PROPOSED RISK MANAGEMENT APPROACH: Phenol, 4,4’-(1-
Methylethylidene)bis- (Bisphenol A). 2008.

Braniste V, Jouault A, Gaultier E, Polizzi A, Buisson-Brenac C, Leveque M, Martin PG,
Theodorou V, Fioramonti J, Houdeau E. Impact of oral bisphenol A at reference doses
on intestinal barrier function and sex differences after perinatal exposure in rats. Proc
Natl Acad Sci U S A 2010;107:448-53.

(Inserm) Indlsedlrm. Reproduction et environnement. : Expertise collective. Inserm,,
2011.

Kim JH, Rozek LS, Soliman AS, Sartor MA, Hablas A, Seifeldin IA, Colacino JA,
Weinhouse C, Nahar MSS, Dolinoy DC. Bisphenol A-associated epigenomic changes in
prepubescent girls: a cross-sectional study in Gharbiah, Egypt. Environ Health
2013;12:33.

Haugen AC, Schug TT, Collman G, Heindel JJ. Evolution of DOHaD: the impact of
environmental health sciences. Journal of developmental origins of health and disease
2014:1-10.

Jung SH, Jang W. How accurately can we control the FDR in analyzing microarray

data? Bioinformatics 2006;22:1730-6.
101



136.

137.

138.

139.

140.

Huang W, Umbach DM, Vincent Jordan N, Abell AN, Johnson GL, Li L. Efficiently
identifying genome-wide changes with next-generation sequencing data. Nucleic Acids
Res 2011;39:e130.

Ho SM, Tang WY. Techniques used in studies of epigenome dysregulation due to
aberrant DNA methylation: an emphasis on fetal-based adult diseases. Reprod Toxicol
2007;23:267-82.

Ichihara T, Yoshino H, Imai N, Tsutsumi T, Kawabe M, Tamano S, Inaguma S, Suzuki
S, Shirai T. Lack of carcinogenic risk in the prostate with transplacental and lactational
exposure to bisphenol A in rats. J Toxicol Sci 2003;28:165-71.

Snyder RW, Maness SC, Gaido KW, Welsch F, Sumner SC, Fennell TR. Metabolism
and disposition of bisphenol A in female rats. Toxicol Appl Pharmacol 2000;168:225-
34.

Tang WY, Morey LM, Cheung YY, Birch L, Prins GS, Ho SM. Neonatal exposure to
estradiol/bisphenol A alters promoter methylation and expression of Nsbpl and Hpcall
genes and transcriptional programs of Dnmt3a/b and Mbd2/4 in the rat prostate gland

throughout life. Endocrinology 2012;153:42-55.

102



A

ARWFFEZ ZAITT HICHTZ D | B TIREES £ Lo Rlah—BnEEdR© L Tl

&

R SRR AT TR TR R RAT AR D ) DIk 2 R L B &4, 72, AbgEo= U

=

v F AL MEATICER L. BUARRE: iPS MIIAMTZERT (CIRA) O LA AT D Z 34z
HEFELEZLZEHWELET, £ LTABEDOZTICER L, RAURFERFEHES

SRAFERNR A Tt o & — ERBR BT 2250 M O U SR IR 22 & IFJE AT O

iy

e TWHAZKD ELTZ L 2EHWELET, KB, ZRARTHEE, JHEZY

D F L@ I THREFRIEGH R L BT £,

103



