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ZAER, 7 2RV A F UL I, Milasrb
sz e A F b ey — v s EIA F N B AT
b 7a 773> 7) B2 530, Znl)7as
7 I T0B I ARHITH BGOSR
5, RUAABEBEREZIRZ 5B En L9
TEALE L 725 L 2dER e 0 BRI W, 211 T,
EDC O E#HRFEZ 2T T e Wiz B 5
DA, TOHER, B E TR LNL Y -
72 EDC D7z e fERBF 0, 1RO EEFHGIZ D
WTHTT R IERT 5L DL o 72,

N F T, EDC DIFFICBWT, BFEx EHZT
e AR I S C W LT B 5372329, [HHE
Filg 22T T Wil B B § 2 W 1313 &
A E7\n, F72, Skinner 5 DFHFIZB W T, tran-
sgenerational B A G| X 2§ X = XL % 56
LR T BICIEE > TV AW, EDCHOZN LI %
AU b7 BN AN = XL E RS 52 &
i3, EDC D7z e B IF 2 AT 2 2 X%
0, ALEWE OBTERHMEOHi 72 7% 9T A — 5 IR
T 5, &> TARMZETIE, EDCic k- (hl & X
1% transgenerational BN £ ) = X L%, T
Pz AT Ay 7 B BEETRIATGEETSH 2
DNAD X FNWALE Z—7 P E L THHTEZ &
»HEE L7z,

ME B IUHE

|, #EEEY

8 Mlin~r7 2 (C 57 BL/6) % =1% 7 R¥—E 2
EOBEAL, HbERA (@R CE-2, HAZLT),
B EHRoOK TR 22+ 2 °C, M 50+ 5 %, 12 HEEH
(7 WE~19 1K) -12 BEREE (19 Wi~ 7 ) DEMHMLT
fE L 72,

2. fHARE
VCZ (FEHBETIER) 134 ) — 7 4 iz il
L CTHwz,

3. EIREFVCZ 56 & U VCZ A DEH

<72 (FO0)iZ 1:AMEML S ¥724, K217
72, MEDIENTZ 7Watha b > CHAROH E L, #
) —7"F A T HESR L 72 VCZ (100 mg/kg/day) %,
IR 8 H~15 H F T3 HEMENIES- L 72, Control
BEICEREoA ) =7 A vk b Lz, Kt~
7 A% F1 &L, VCZ #58ER 4 & Control 4=
TENEFNLEEAT, VCZH#E, Control HEE i
F3F o=y 2 &ML 72, RBETFHEOZELIIAT
b7z,

o

5 At

4, VCZIREIZL 2EFEREN~DOHERE

F1on~7 213 VCZ #F+:, Control #lH+:T%
NENLZI =T, U H 2 5 HpEE To H %
FEL, TNFNOLEDETHS L Ol 2 57
FL72 F 220w T b RIS ZR &7, LSRR
rHAL 2. F, EIEREII DR M & 5
N3 72z, F1 T VCZ ##E & Control #ED 2B
(Vinclozolin outcross control, VOC), F1 ¢ Con-
trol FiffE & F 1 o VCZ HEn %l (Reverse VOC,
RVOC) #AT\, FEEDOIRAEIT- 72,

5. BEOKM

VCZ #, Control #, VOC #£, RVOC #Ei2 DWW,
F1, F2umiso 60 HEs2 65 100 HlsoM % = —
TV, BHEBLENC & - T4 a4, Fid%
BREUL 720 B i ORS BT WK GG TREN DL,
—80C CTRAEL T~/ 4 DNA fhiicfik L 72, &9
3 4 BPFAICCREIZEL, 27 7 4 YR EkIC
A7z,

6. HEARSERVBEIT

1) »%7 7 4 YRk

4 %7 RNVALT VT E FCRIZELZRHEITE B
IZHEV, A CEMET Ty /7 —VEE XL v E
24T\, T0C D/ 3T 7 4 YIS T RE L 724k ¢
774 A EITo 2, B L AT MICROM
(=7 A 2ZR) TT7umFicHYI L T45CH
BARTHEL, ZA74 F77 A2 50C Tl
L, Inx 774 ¥k & L7,

2) Hematoxylin & Eosin %4 (HE %+f4)

RT T4 HIFE XL CREL T YT 7~
IR AT 5 T2 £ DI 100% 8 — v 2 18], 90%
I8, 0%T8 /=), 50%T8 /7 —), 25%
I8 /= NICENFNEE L THKB{LLEE 2 1T
v, distilled water (DW) TV > 2 L7z, KiZ,
Mayer’s Hematoxylin (ZUEEb2400) T 1 4 i
L, DW T < ) > 2 L 724%, KEDHKT 30 5
WiF L7z, 512 DW TY > 2L, JIEHD DW T
154 %kE L7z, 2% Eosini (1 %Eosin Y
Solution (WEEILEM) T 2o MYt 2, £k
90% .8 /— )2 28], 100% . ¥ / — )2 2 [RliEiE
L, 85123 MND* L Eiz4Tv, DIATEX (18
IRAS T 2EM) THAL 2, 2 OREARZ EFE L 7214,
SIS T TR L 72,
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3) Terminal dUTP nick end labeling (%
(TUNEL ¥4uft)

HE Jets LRk, X7 74 YOI OB x77 4 >
& FKEAL % 4T - 72#%, In Situ Cell Death Detec-
tionKit, AP (v 2« FAT 7/ 2T 4 v 7 AM)
# i\ T TUNEL ¥t % 17\, VECTASHIELD
(Vector Laboratories, Inc.) # W TE AL 7244,
L AL — Y — g (OLYMPUS FLUOVIEW)
TTT R M= 2B EMBOMIE 21T - 72,

7. 4/ L DNA

—80°C CHABERAF L 72K B3R L C 0.1g %51
i+ L 72%% proteinase K 800 xg/ SNET (2.5%SDS,
1M NaCl, 125 mM EDTA, 50 mM Tris-HC1/2 ml)
IZAN, B ICIRIE L 0% 5 55C T—HMiA > % 2
~N—F L, MR BEEL, 72 /—)L Z7auk
Vo % 3 ATV, i Z 1 ml 325 0L 72,
7272 L, IRANZ 30 Sy AT - 72, A HLL 724k
HBE 7, ZNTNA Y 7 0,/ — L% TR
L, #@Hizk (Milli-Q, Millipore) 50 gl (2 %f# L 72 3
D%/ 5 DNA B L 72,

8 . Methylation-sensitive-representational differ-
ence analysis (MS-RDA) 2k %4/ L. DNA &
A FIVALEBAIAR H
DNA DT /2 274 Fie 2 F)UALRIEZ AN 72
&, F1~F 314 VCZ #E L U Control 7/
2 DNA # F Ak g 2, MS-RDA TN L 72
MS-RDA I3, 4B 65 D)2 L EERICAT> 72, 77
4 =—I3 RHpa24, RHpall, JHpa24, JHpall,
NHpa24, NHpall # 72 (Tablel), 75 75—
1, RHpa24 & RHpall, JHpa24 & JHpall,
NHpa24 & NHpall 2 #nnZNn 74 77— 3>~ L
CTRHpa 7% 75—, JHpa 7% 75—, NHpa 7

Table 1 Primers for MS-RDA and bisulfite sequenc-
ing. RHpa24, RHpall, JHpa24, JHpall,
NHpa24, and NHpall were used for MS-
RDA. Ral-B-F1 and Ral-B-F2 wre used for
bisulfite sequencing.

Primers Sequence

RHpa24 5AGC ACT CTC CAG CCT CTC ACC GAC 3
RHpall 5CGG TCG GTG AG ¥

JHpa24  5’ACC GAC GTC GAC TAT CCA TGA AAC ¥
JHpall 5CGG TTT CAT GG ¥

NHpa24 5AGG CAA CTG TGC TAT CCG AGG GAC ¥
NHpall 5CGG TCC CTC GG 3

Ral-B-F1 5CCC CAT ATC CAC CTA TAC TC ¥
Ral-B-Rl1 5GAT TTG GGA IGT IGG TTT GGT G ¥

77— L7z, VCZHENDDNA % F 7 43—,
Control #? DNA %7 2% —& L T RDA #47\,
VCZ HEToE £ F VLI 2 et 37 %% &, Con-
trol #£ DNA % F 74 N—, VCZ# DNA # 7
2 F—& LT, VCZ T A T WAL 2 e h 9
LREHEL, 34 7)1 RDA# T4, RDA
EME 2% T e —ATRAKL, TFOTLT
vA FCYeE Lo th, SRIMERIRE T TokElg % i
MLl ooy P27 )HL T
DNA ##ili L, RDAMEYOY 7 7 v —=> 7%
I1-72, ¥ —7 1> A %AT- 724%, National Center
for Biotechnology Information @& BLAST > A7
L FH L TBERMERTZHERL 72,

9. bisulfite sequencing

MS-RDA THRIE & 172 & £ F )ALBEREAZ F O
—2T#H 5 Ral-gds lcoWT, D LN 2 F Al
L AL EIENTS % 7202, bisulfite sequencing %
11> 72, Ral-gds iz '5 B 4450 4Ar _F i 419~191 bp
DHEBEMIRT 2 L) 774 ~>—% L 72
(Table 1), 7#:%, Rein 527 D FHEE2SHFIC 12,
72720, T )z 2N @ NaOH % H \»,
bisulfite ZL# (2 |3 4 M @ bisulfite ¥ % JH \» T
50C T 4 BB & F 72, BUGHIZA VY 7 ar< /) —
N EAT R L, R E¥72DNAIC0.2N D
NaOH # 200 g1/mz CEFM L, 37C T 30 4
%72, 2D DNA B#IZ5M NH,OAc # W T
I — NI EAT RS L 724, 30 u] DiBHIK T
W L 72, bisulfite JLEL L 72 DNA Z €822 L €
PCR #4757z, BOGH:RIZ, 94°C, 24rHoik,
94°C30 ¥ — 60°C30 #¥— 72C30 D 27 7 % 35
WA INAT 5 T2, T — RSB THER I N
PCR FEMIZ, DNA Z2HilB L TH 7 7 —=> 7%
Fiotze ZD, v —7 31> A %4T-> TIHL N2
FERHN D &, EFEAR T BT 2 FALIKEE % fif
Mr, ML 7z,

& S

|, &HEEED~DOEERE

VCZ #: & Control BN LMAUZ BT, THEBALE
b5 EEE T B % L 72 (Fig. 1.A), F1, F
2 &4 VCZ DRI THE F T H B R
I2h -7z, ZHUE, VCZ 282 o7 20k
FHREIIC B L RITT 2 L 2R L T 5,

T/, MEESELOEMEEIIC X ) RE Ly
BT Do %X B 72812, VOC (VF1 #XCF1
), RVOC (CF1 HEXVFL i) D&/ #2417V,
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Fig. 1 Transgenerational effects of VCZ on fertility.
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Days from mating to delivery (A and B) and numbers of newborn (C and D) were examined. CF1 and CF2 show
control generations, and VF1 and VF2 show VCZ generations. VOC shows outcross between VCZ F1
generation males and control F1 generation females. RVOC shows outcross between control F1 generation

males and VCZ F1 generation females.

Bllah 5 HpEE ToHE % ik L 72 (Fig. 1-B).
VOC 12 RVOC & It LT, b3 IcHipES THH
FIE R D b7z, EFETIE, F1, F2 it
2BV T VCZ BT IZ ETH D7, L LA
ZHERRDSL L e (ETFH=0) ZHHRED S 1
72 (Fig. 1-C), VOC i, RVOC & Ibi#g L CRaT-Hohs
LWL %A - 72 (Fig. 1-D) . PET- O MEMEIIZ
VCZ E: & Control BECOM & 2 ZEIFiBH LN %e
o2 (FIZIBZRL Twiew), k- THHES ~15 H
WD VCZ 8513 A Fife 1 lc w8 % T L, T
BUIMEL D QHETRECZ EDP WL E 5 T2,

2. HEEREERVEEMN

BITHICB W, VCZ #5103, ML) Lo k&%
HEERIIZTZEDM S 72, Lo THEOK
W BRIR L CIBHT 247 - 72, VCZ #2512 & 2 THE%
WAL 2 BT 5720, 100 HEpDOHED KR xF
74 YR (7Tum5) 2 HwTHE $eaz - 72,
F1,F21x 412, Control B & VCZ BRI Tk &
I RER AR R 5 % h > 72, Control #,
VCZ & IR N CoXs TR MR S Lz
(Fig. 2) .

FEMEMRTOT R b —3 212 2588 % i
T o2, KT 74 UK (Tum &) 2 HvwT

TUNEL ¥efa 47V, dhfE L — 4 —BHidE ¢l
L 72, VCZ BEOKs I3 Control B2 T, %<
DT K — ZBEME s & e (Fig. 3 and
Table2), ZNHDT K F— 2BpHEMEN % < 12
RN BB I AR AR L 72,

DIz, IR 8~15 Hihod VCZ #i2i3, #AL

Fig. 2 Testis histology from control and VCZ genera-
tions.
A and C show control generations (A; CF1 and
C; CF2). B and D show VCZ generations (B; F1
and D; F2). 100-day-old posterity testes were
used. Paraffin sections (7 um thick) were
stained with hematoxylin and eosin. Scale
bars represent 100 gm.
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Fig.3 VCZ treatment induced spermatogenic cell apoptosis in the posterity testis.
The images show TUNEL assay from control (A; F1 and C; F2) and VCZ (B; F1 and D; F2) generations of
100-day-old posterity testes. TUNEL assay was performed to detect apoptotic cells. Arrows indicate TUNEL
positive cells. A lot of TUNEL positive cells were detected in VCZ male compared with control male. Scale

bars represent 200 gm.

Table 2 Numbers of apoptotic cells from control and
VCZ male testis.
In VCZ generatinos, increased numbers of
TUNEL positive cells were observed.

Numbers of Numbers of The ratio of TUNEL
Generation  seminiferous TUNEL positive positive cells to

tubules cells seminiferous tubule

CF1 171 18 0.105
CF1 158 44 0.27

CF2 268 26 0.097
CF2 214 16 0.075
VF1 232 165 0.711
VF1 196 31 0.413
VF2 186 138 0.741
VE2 206 157 0.762

%82 THED SRR I I B % T L, RBMEICB
FT527RE—2%FEFRLLZ, L2L, TRF—
A &2 L7z DI HEEIR LD —RoMidTh b,
HFE DIy 70 Bl % 5] & 2 TRED BT D
LN o7z, Fi2, KT OEIE Control # & [H
PR S iz,

3. MS-RDA (24 BE A FILALERLDIEH
VCZ #5-12 & % transgenerational 7 &3 o
{2312, DNA X F LD ZALHBIG L T 5 &

I P EPFENRD 12012, MS-RDA #4757 VCZ BT
DNA 2 F WAGEBAL % Iefs, M L7z, f#MTici F
1 ~F 3 B ki 7/ 2 DNA % H\v 72, Con-
trol Bt & VCZEED 7/ 2 DNA % F ALK EEIC 7%
PR LN, F1 & F2 Tid, Control # & b L ¢
VCZH#ETE A F ML LT BIEALD A &
n7zns, F3Tlx, VCZREDE 2 F WMEERAL &K 2
FIUULALOW S s & 7z (Fig. 4). 72, B
HWE N2 DNABIFIZOWT Yy — 72> 2 24T\,
BLAST v 27 2 CTHMHEL2EZH, VCZETHEA
FIALIRREIZ 5 % & b 1 2 EAIER TR E
&7z (Table3 and 4).

4 . bisulfite sequencing (2 & 2 EMEEETF Lk
DX FIVLIREERER

MS-RDA 12 & V) [E5E & L7z B 2 F AL Az
TD9H b, VCZETE A F IMLIRIED TR S L7z
Ral-gds #Z T _Fifdiic ST, bisulfite sequen-
cing ZAT\, A FIALIREE % bt L 72, B EBRIAE
2> F i 419~191 bp OfEMNT TlE, Control # Tl
IE A F NALIKEE?Z DS VCZ BET 2 F A LR BIC D B
CpG ¥ prEsd & 172 (Fig. 5), L#* L, Control £
IR L T A F LIRS 2 LA A B L v CpG
BLHI D512 & A & TH - 72, SRR % 4T - 723K T



134 o

VF1 VF2 VF3
kb L H L H L H 100bp

Fig. 4 Aberrant methylated regions of genomic DNA
were amplified by MS-RDA.
75-day-old VCZ posterity testes were used. L;
Hypomethylated regions of genomic DNA. H;
Hypermethylated regions of genomic DNA. 1
kb; 1 kb DNA ladder marker. 100 bp; 100 bp
DNA ladder marker.

13, VCZEETD A FIALKIBIZ K & 2 22{bI3E8D 5
NZeip - 720, WIRMIC BT 5 VCZ #5103, 7/ 4
DARRD A FNACIKREICEE L 52, X F Ik
A EAEAINEIC & - TRRAMED 2 2 & T, #eli:

fl exont

1oobp mMRNA
CpG site

vez [

Fig.5 Methylation states of upstream of Ral-gds
gene with bisulfite sequencing.
Vertical lines show CpG sites of genomic
DNA. Open circles (O) show unmethylated
cytocine and closed circles (@) show methylat-
ed cytocine. In the genomic DNA of VCZ male
testis, a few CpG sites were methylated.

% =

ARFFEIC LD, BT v Fe vz AAEHIC L 5%
PHEINTERLVCZIT LB, =7 AT trans-
generational s B L5720 & 7 - 72, TR 8~15
HicBIT 5 VCZ o 5-Tl3, &EAIH2 5 HFEF
TOHEPERL, PETEIIEA L2, £72, VOC
& RVOC D IIRIC & > T, AESHRE I~ D5 B3 M &
D L HECHHFICHIN B WREEED RS S LTz, Z 1L,
VCZ % 5-Weins g n A g sk - ) 7w 775 3

Iz 72 5 transgenerational e % 5| S 2§
WREMEA R & 1172, TR LT A Z R —BT B,

FMEHR T 7 4 2o TUNEL Befic L 1),

Table 3 Hypermethylated candidate genes in VCZ generation analyzed analyzed by MS-RDA.
Hypermethyalated regions were detected by MS-RDA. RDA products were cloned and sequenced. Then,
candidates were determined using the National Center for Biotechnology Information databank BLAST

system.
Sample No. Generation Candidate gene CpG island Relevant diseases
1,2 3,4 F1 reticulon 2 isoform B Yes Amytrophic ?atere_ll sclerosis,
Fatal degenerative disorder muscle
5 F1 cytoplasmic nuclear factor of activated T-sells 3 Yes Leydig cell apoptosis
Sudden infant death syndrome,
7 F2 TSPY-like 1 Yes Hereditary persistenseof fetal
hemoglobin, Deltabeta-thalassemia
F2 RAB2, member RAS oncogene family-like Yes Dysferlinopathy
9 F2 Ral-gds Yes cardiac hypertrophy
11 F3 dopa decarboxylase Yes Parlkinson’s disease
13 F3 neurofilament 3, medium Yes Alzheimer’s disease
14 F3 transcription factor CP2-like 3 Yes Alzheimer’s disease

Table 4 Hypomethylated candidate genes in VCZ generation analyzed by MS-RDA.
Candidates were determined by similar manner of the determination of hypermethylated candidates.

Sample No. Generation Candidate gene CpG island Relevant diseases
. Epithelial ski . Sickl 11
1,3 F3 basal cell adhesin molecule Yes pl.t chal skin tumor§ SIC. c ce
disease, Vaso-occlusive episodes
. Human mammary ademocarcinomas,
t
9 F3 latent transforming growth factor beta Yes Abnormal lung development

bindi rotein 4
nding proten (mouse), Colorectal cancer (mouse)
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VCZ #DOFEMIAE Tl Control HICIENTEZ K DT
R b — 2B R & 117z (Fig. 3) . Skinner
5 DG TIITEREANY e ZA LM HE I b s B TR
O LNV DS, SRIOIETIIREIE TS LIEEY:
WMZELIZ RSN h 72, s HES NS
Z & 4 %o 72 (Fig. 2) . Skinner & DWFZETIZ 7 v
R L Twizds, RIFRTE, Rrigev g
EHL72, o TInk) GRBNENE, w72
&7y L oMEICEY), WS RN VCZIzxd
LIEM R b LiIck b0 Lk, W
s &, VCZ#HEI12 L), BFIZERI N5 2K
THEBRICAT S 2 DEEEEZIT T, Z Ui
BEROT R F— 2o B 5 L T 5w ged:
DI,

Z N L 9 7 transgenerational % #2212 DNA &
A FIACREEDZALBIS- L T D0 % iR T 5
ZrEHBE LT, MS-RDA %47 THERETH
/ 2 DNA D E X F )AL 2l L 72, VCZ BT
DA F IS LIE F1 ~F3 Tt a sz, —7,
VCZ BTN A FIALTALIZ F 3 D& TR & 1,
FltF2cl3mEnidro7, ZoEREY,
VCZ #5142 & ) DNA & * F)ufbr 8 — > 9L,
F 3 TlE A F ALEAL b B & L7z e fRknyic iz
7 BT A R e A FOACTUHED T S 1L B WREHEDS
RS N7z, MS-RDA Tigh, Bt izt 251
{LDNA Wi %2 > — 7 2> 2 L TERIBEIZ T O
AT o TARER, BEOBERBRTIRES I, %<
BEERFLERICCPGTA 7> FERDEMBTT
B o 12, B A FMAMBERIBIZ T D—2I2, 74 T4 v
LMD T R b — AFEICB 5§ 2 BRFThH D
cytoplasmic nuclear factor of activated T-cells 3
PEEE 2, L2 LAET R F—2 23R EDOM
BIZIZRBD N 52 DT, ZOBET L REE
BT AT R 2 LDEHEDOEBEIIAHTH
b, ZDOMOBERIBIR T CHEHBAFARE T~ DB
TR b= ZFEICHEP O &) RBIETIERS S
Nihhotz, UL, Ty g =—fHe s—% >
Ve &, MR BT 5 R T EM L TIH
FLE 17z (Table3 and 4),

VCZ BEToE A F ALK EE D 7R & L7 5 Af
f£F P9 B, Ral-gds Lk 419~191 bp #EkIc D
\»C bisulfite sequencing % 17> # F )UK E %
ML 72455, Control #: Tlx I # F ALK EE 72 2%
VCZ#ETH 7 7u—=v7Lz—nr7u—>T
A FIALTLED RS b7z (Fig.5). LarL, *F
METGEDS L b7z 7 v —2 T, SHEIND 25 D
CpoGHEAFND - B, 124 L <1229 CpG B A

AFMABL T BRI E L h 572, EDCIZ L % A F
ME~DFES, JE X FOALTEB O 2R 7 2 F L
1bZ2 T 2 £ v L NI3, K2 FbIREE, Bk
UHEREE 2 F NWALTHIBO X F AL TTHET 59, 2
DEIHIZ, 12DBIBTICBIT2bT 7% £ F )l
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Abstract

Previous studies have revealed various adverse effects for endocrine disruptors. However, these chemi-
cals may have actions in addition to their endocrine-disrupting effects. In a previous report, exposure of
female mice to the antiandrogenic endocrine disruptor vinclozolin (VCZ) showed effects on transgenerational
male fertility and carcinogenicity. Although these transgenerational effects appear to be due to changes in
DNA methylation patterns, which is part of epigenetic regulation, the mechanisms of this phenomenon are
unclear. In this study, we confirmed that VCZ caused transgenerational effects on male fertility and
investigated whether VCZ was involved in DNA methylation.

Transient exposure of gestating female mice (F0) to VCZ (100 mg/kg/day) during gestating days 8-15
induced adverse effects on adult male fertility in the F1 and F2 generation. In both F1 and F2 males,
increased numbers of apoptotic cells were observed in the testes. An aberrant methylation state in genomic
DNA between VCZ and control generations was detected by methylation-sensitive representational differ-
ence analysis (MS-RDA). Bisulfite sequencing then revealed candidate genes showing aberrant DNA
methylation patterns.

Transient embryonic exposure to VCZ thus causes aberrant DNA methylation patterns, and these
epigenetic alterations may be associated with subsequent adult phenotypes.



