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(k& & FiE) ik, KE 1962 F-1971 4(C Vietnam T{fThi 7= Ranch Hand {F#k(RH) &, &
B2 Southeast Asia [ICFEE L T /B E A (SEA)1497 A, 1987 FizfR L7
HHRTCOD 2P E (S FERBITAERM L 7=+ 7H AR LV BEHLZEREMIZL Y,
20 @ cumulative TCDD 8% &, #/F), 1982 4:~2003 4E 12 A K TOBUMAE
T, [EHFLRIZLY 140 FIORIARA A B #EE,

(FER) HEEERGE I 22 LBE SEA 1036 L T, {EEEES L7=(RH) TCDD fif L ~E, BlOEE
BFERR X, #hFh 1.02,1.22 (95%Cl; 0.79-1.89, trend P =0.42) L & 72 L,
1969 HLLRIH(TCDD 23 L » MREDICHEH L TWe b DIZR- Tix, £h€h 1.00,
2.27 (1.11-4.66, trend P=0.04)  HE iz LH(41 fEF)), 1969 LIBETIX, BEEERzL,
HEE2 FRGT, MIFLLEENABICLEET50(2.15; 1.03-4.48), 2 FLLET
1XR9EE 72 L(1.05; 0.59-1.90),
20 4 cumulative TCDD Bg#&i%, SEA & RH TN FhEL~ARHEZSBRELT, ML
_NAEORR ZFHE, WTFho/A—7THRERERIZI2FBEREARZRONT
(SEA; 1.10, 95%Cl; 0.69-1.75, RH; 1.32, 95%Cl; 0.75-2.34),

(BT A ) AR & =2 R — b A

(77 bA L) AISZRRAS A

(MR 9% A A1) ik, WEsE

(1= e ) KEREEAZF—F

(R % 2 [N) TCDD (2,3,7,8-tetrachlorodibenzo-p-dioxin)

119




1-47 B SZAR A A

(24 ML) Nested case-control study of occupational chemical exposures and prostate
cancer in aerospace and radiation workers.

(EE) Krishnadasan A, Kennedy N, Zhao Y, Morgenstern H, Ritz B.

(EHBW) Am J Ind Med. 2007;50(5):383-90.

(HREFE) EARLFIT, 1950-92 FiEMER. MEFHERO THICEHET S HBEOMM X =
F— MR RE 10,714 A, FEFIZ, 19884 1 AH 5 1999 # 12 A £ TITATZIR
BANCTRBEB MO AZRE) L7 B 362 i, ML, Fin - BEREME - BWTER -
BHFEE T~ v FSH7 1805 B, BEHERFEIZL > THEEOLEMHRBER L
HETE,

(FE5R) B ER IR OZ IR OR 12, FEMREEREICH LT, P{EMREERE - BT h
i, Hydrazine; 0.84, 0.83 (0.49-1.4, trend P=0.39), PAHs; 0.93, 1.2 (0.71-2.1,
trend P=0.63), Benzene; 0.84, 1.5 (0.79-2.8, trend P=0.83) L BN R &h /e
o723, TCEREIZ oW\ TiX, OR=1.3, 2.1 (1.2-3.9, trend P=0.02) &, FEIZ&E»
s 1

(HARTHA ) 2R — b EE B BRAIF R

(7 bhhi) HISZAR DS A

(B ATl %) BRI T L DR

(B L) H¥EH V) 7+ 1r=7IM (radiation cohort, aerospace cohort; Los Angeles)

(REER) Hydrazine, TCE (trichloroethilene), PAHs (polycyclic aromatic hydrocarbons),

Benzene
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(REREHE) A A— 2 DFEFIX BRI, EAEM L, Western Australia @ 45-75 ¥ B,
SEFIZ. 2001 4 1 B —2002 4F 8 BITHISIARAD A(D5 A BRER) IZHTRITEMA L 72 606
Ao WX, ElE~ o FIE471 A, BRERIT, 77— ML IWERE
L #iEA » # ¥ 2—|Z X - T Organophosphate, Organochlorines, Phenoxy
herbicides, Other herbicides, Other pesticides, Any pesticides, Synthetic
fertilisers, PAH 72 ¥ MM 8% % 74,
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1.02 (0.67-1.53)&, WFhbLAERY A7 LRZ2BOHLLORRL,

(BARTHS V)  |EFIEIIE A0~<—2

(2 bhL) HISLARAS A

(R B% 5T %) EREICETIMARLEHEA I a—

(E b F—=A+Z VT

(REER) Organophosphate, Organochlorines, Phenoxy herbicides, Other herbicides,

Other pesticides, Any pesticides, Synthetic fertilisers, PAH (polycyclic
aromatic hydrocarbons)
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FEGIIZ, 1999 4£—2001 FICAIZ BB A(BARER)ICHHRBB L7 405 A, XM
iZ. Health Care Financing Administration Medicare Beneficiary File 7> & i -
NFE - Wil &~ v F L7 392 A2fhiH, REER L, EREA - Fa—ITLV R
HUEERE L+ OMBHAE R L &R,

(85 BEETELZLBICHT2BENRTELH Y OZZRMMEE OR 1T, 1.4 (95%Cl,
1.1-1.9 L FRICED -T2, REFEHEIT T —ED OR TiE, =4 F;1.5,5-9
1.4, 10-20 4E; 1.5, Z21 4£; 1.1 (95%Cl ;0.7-1.9, trend P=0.51) &, “EHic
JGL7ZOR D ERIIRNRIT,

BEUEERER LBICHT 5. MEBERBROLZLE, HY O ORI5%CNHiX, Mixed/
applied pesticides; 1.0, 1.6 (1.2-2.2), Handle hay, grain, silage; 1.4, 1.4
(1.1-1.9), Harvest tobacco; 1.4, 1.4 (0.9-2.0), Plant/ pick crops, till soil; 1.4,
1.4 (1.1-1.9), Pick cotton; 2.1, 1.1 (0.8-1.6), Repair pesticide equipment;
1.5, 1.3 (0.8-2.0)TéHh ~7-, Mixed/ applied pesticides E# & v D OR 2365
Bilombois,

(ARTHA ) | EFRREHE An~—2

(P28 AL) R SEARAS A

(R 5% 5T-{f%) HREREICE T AEFEA v FEa—

(Bl %) XEDOY T AAaZAFM

(REER) Ever farmed, Years of farming, Mixed/ applied pesticides, Handle hay, grain,

silage, Harvest tabacco, Plant/ pick crops, till soil, Pick cotton, Repair
pesticide equipment
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(R EFK) T, KET 42O 24 #IK, FEHERIL, #IK L0 1997-2001 F ORISR
MAFEREE L C% (Texas Cancer Registry), Hi[X = & @ Groundwater Database
of the Texas Water Development Board = X ¥ boron, selenium L</L % 51,

(=5 HERSH T, boron IXRINBAARBE - HERLADMEEZ/RLEN (R=0.63,
R=0.598). selenium i3IFE 2B %38 D20 >7 (R=0.144, R=0.154) .,

(BRTHA ) oA B A2

(ForAL) Texas Cancer Registry BiiSTI#2 A FRMBE, ELHE

(B 2% BV %) Groundwater Database of the Texas Water Development Board.

(Bl ER) KET XV AMD 24 X

(BEERA) boron, selenium (chemo-preventive)
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(HREFE) bE— A DIEGIX R E, BEAKHIZ, RUvz—F - BHEORHE 89 A,
FEFNIL, 1997-2000 FITHEBAICEB LI 58 A (R —F D 5 2OHPR)
DODEBPOIH 44 A, ®BIZ, AVx—TF FEBRIVFRHRE~FLT O&
BERR) T2 ¥ HITHIH LIRS ADRWBHE 61 ADBBRD S5 45 A,
1997-2000 iz, AADAEFEBRFICTMZ, 816 bEMEZITV, & 6ITER
ABROBREIZONWTT o r— bl ol
BRI AR O MPREIC L VR GHREFESROnFTREPRELY v 47
RA v b ELTHRA, BRI T Ay XHERDE),

($538) iy - BMI #E# O, oM PCBs M, HCB BESWEETIX, WA A DA
v XN EICE A > 7= [PCBs: OR= 3.8 (95%Cl: 1.4-10), HCB: OR= 4.4
(95%Cl: 1.7-12)].
p,p'-DDE & Chlordane 1%, 8lomPiRE L AERBEEIIRD AR T,
PBDE XA Eizc@mW\ A » Xt %7 L72[OR=2.5 (95%Cl: 1.02-6.0)],
MHRBABERANORE L AREEL T, FEREV TR (BLW),

(RARTHA ) REGIXFRAFZE  RbE~<— A

(P2 bAhL4L) FEE A

(RR % 5T %) BEBL O 1M i1

(EHbig M) A L—F

(BREER) PCBs, p,p'-DDE (dichlorodiphenyldichloroethylene), Chlordane,

HCB (hexachlorobenzene), PBDEs (polybrominated diphenylethers)
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2—6 FE RIS

(A4 k2v) Endometriosis Among Women Exposed to Polybrominated Biphenyls

(ZF) Hoffman CS, Small CM, Blanck HM, Tolbert P, Rubin C, Marcus M.

(EzEHm) Ann Epidemiol. 2007;17(7):503-10.

(%188 & FiE) i, 1970 FRBEIZ 18 FUEO LM THR SN KEI > # > PBB 24— b
Z@A L, 1997 42 1530 4 O%§RE N LM% PBB #FE L= 1046 L0 HR L
Liz, BIEEHSLT—FORERLIZLY, BRI 943 £2HRI. f1 ¥
—CHCEEREERZTo, FTIX. ¥ 77~ A Y—i#hi# & PBB. PCB L~
L FEANBEE OM#EE Cox NF— FET /LTI LE,

(RE8) HBEDIH 79 4(9%) N FENBIETH 7=, PBBERENKL 1 E#(<or=1 parts
per billion [ppb])&# &gl L7 L %, L~ 8(1-4 ppb) (hazard ratio [HR] =
0.72: 95% confidence interval [Cl], 0.39-1.31) & &L~ (>0r=4 ppb) (HR =
0.90; 95% Cl, 0.51-1.59) T3, FENBAEDOREEIREN -7, PCBIRETIL,
fL~LBE (5-8 ppb) (HR = 1.67; 95% ClI, 0.91-3.10) & & L ~LE(>o0r=8
ppb) (HR = 1.68; 95% Cl, 0.95-2.98) T, KL< #f(<or=5 ppb)izH#L . #
AN ER LTV,
PBB BREE & OEIEIIE H i el 72A%, i PCB LVIZET 2 ARIL, &
TR E —B LTV,

(FFFETH A ) A % =x— b (The Michigan Female Health Study)

(77 bHA) +EPIRE

(W % T fiffi i) miF, BoRERELREEA S Fa—

(R % i) KE I H M

(MREEBER]) polybrominated biphenyls (PBBs), polychlorinated biphenyls (PCBs)
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(%A k) Impaired NK-cell-mediated cytotoxic activity and cytokine production in patients
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(EzEHIH) Life Sci. 2006;79(5):491-8.

(%8 L Fik) FENPBEC R L 2 18~45 B 18 HD LT, 104 (raparo FIZTF
B RERIE & W) AEF]. 8 A X L L7, FEWNBIELZ FFo/BHE D NK cell R IL-1beta,
IL-12 72 EDREHEE L REMEZREHBETS M6 TS PCBs & p,p'-DDE Difn
BLRAOBNERIET 5, T Student’s t-test TfT\, p<0.05 #FE L L7,

(58 ARl B LTIk, TENBEDBE TIX, HEMY response & IgC EA IR EHIHE
BZ LThidofdl, NKHMREER, FRICA 7 LFalb—aryzRI LT,
EhiZIl-Tbeta L IL-12 BAEDF T L ¥ 2 b— g VL HBHICELTARICEE T
W=, PCBs & p,p'-DDE ®miEL~vi, FEFBEDIZ) CHERIZE -T2, FITEF®
total PCBs ##iX 330ng/g fat T&# ¥, *BiX 160 ng/g fat Th -7, £7=, p,p'-DDE
RBEX, EFBETT770ng/gfat THY, HMBET310ng/gfat Tho7, HIT, RAE
72 N PBMC #%f#~ T, PCBs = p,p'-DDE Z@EL T < &, NK cell cytotoxic iF
Lll-1Tbeta R IL-12 EEDOF 7L X¥aLb—a P, BAbhichbhk, Zhookm
R, BFEDRE T A—F—DE(LE PCBs ° DDE L~uL?d LR & FE PR & B
bBHZEBRTRINT,

(T A ) | SEBIHRIFE - Rl

(77 kD) FBNBYE

(BREE T ffhik) i

(E IS ) A#DT

(BREE ) NK HBRaiEPE & h A b A A A

PCBs (118, 138,153,180) , p,p'-DDE
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(EH) Reddy BS, Rozati R, Reddy S, Kodampur S, Reddy P, Reddy R.

(EzEHIE) Fertil Steril. 2006;85(3):775-9.

(it & k) A > FEEEB#EF @ Mahavir 8Bz TF 5 NBRAE & B & i 85 4 L RIRFTICARHEIEHR TR
Br L FEANBIEDRWEE 135 A2 E L, EFIL. stage | ~IVOH T I A—T 2%
¥L-, #nbomiFs s polychlorinated biphenyls (PCBs) & phthalate esters (PEs)
OBEXHEBL, FEARBE: OMEEZRIEL-, 2#iZ. ANOVA IZTH#TL, p<0.05
ERABLLT,

(RER) PCBs(1,5,29,98,)Ti¥, stage THEZEV AR LI (F=55.57,7.29,71.87,30.64),
PCBs(47,54,171,200/201) T, BEWd» R b h s o 7=, £ /= di-n-butyl
phthalate(F=48.88), butyl benzyl phthalate(F=42.76), DEHP(F=28.81), di-n-octyl
phthalate(F=94.88)iz#\ T, stage THEZEWVRRHbh/zA%, diethyl phthalate &
dimethyl phthalate Ti%, =B R eh2d 2T,

(A ) | TEBIE BB - bt

(T 7 bAh) FERNBRE

(R 3% 5 fifl i) I 77

(E i) kot

(MREEEEEA) PCBs(1,5,29,98,47,54,171,200/201), PEs(di-n-butyl phthalate, butyl benzyl

phthalate, bis-2-ethyl hexyl phthalate[DEHP], di-n-octyl phthalate, diethyl
phthalate, dimethyl phthalate),
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(¥4 F) Association of phthalate esters with endometriosis in Indian women.

() Reddy BS, Rozati R, Reddy BV, Raman NV.

(FEiE=E) BJOG. 2006;113(5):515-20.

(xt8 > FiE) 49 ZDOFENBIEEZFF > L ATEBEFLEFIC, FlpEk~ v F o VI FERBRIEILR
WHMBOFEIC X AREFEBRE 38 4 (group 1) & B PIBER 0 i AR B A 7 <
EFEH 2 L-BHE 21 A(groupl) 2Bz L=, —hboxBRomiF+R Phthalate
esters(PEs) MEXRE L., FENBEDORAE L OBEYRIEL =,

($5 ) F B PIRE A 5 - 7o fE] X, BH 572212 di-n-butyl phthalate (DnBP)(0.44+0.41 x g/ml),
butyl benzyl phthalate (BBP)(0.66+0.61 x g/ml), di-n-octyl phthalate (DnOP)(3.32
+2.17 u g/ml) , diethyl hexyl phthalate (DEHP)(2.44 +2.17 u g/ml)i®HEHS, xtF
(group | (0.08+0.14; 0.12% 0.20; 0; 0.50%+0.80); group Il (0.15+0.21; 0.11+
0.22; 0; 0.45+0.68)) itk @A > 7=, PESBE L FEANBEDETE L ISRVLIIAE
7eBE A A B 7= (DnBP: r=+0.73, P < 0.0001; BBP: r=+0.78, P < 0.0001; DnOP:
r=+0.57,P < 0.0001, DEHP: r=+0.44,P < 0.0014), PEs (I FENBENCREERL
BN D Z LR E T,

(FZF4 4 ) | SEBI & BB 98 - % bz (Department of Reproductive Medicine, Bhagawan Mahavir
Medical Research Centre, Maternal Health and Reproductive Institute and
Department of Analytical R&D, Hetero Research Foundation, Hyderabad, Andhra
Pradesh)

(7Y bH L) FE PBE

(R EEFEME) iii#% gas chromatography.

(EMRER) |1V F

(MEEER) PEs(di-n-butyl phthalate [DnBP], butyl benzyl phthalate [BBP], di-n-octyl phthalate

[DnOP] , diethyl hexyl phthalate [DEHP])
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(#A ) Environmental and host-associated risk factors in endometriosis and deep
endometriotic nodules: a matched case-control study.

(EF) Heilier JF, Donnez J, Nackers F, Rousseau R, Verougstraete V, Rosenkranz K, Donnez
0, Grandjean F, Lison D, Tonglet R.

(E¥HEnE) Environ Res. 2007;103(1):121-9.

(%8 k Fik) Flpr~ v F 7 UIEFRBIFZR, fEFIIZ, Deep endometriotic nodules(DEN)88 4.,
endometriosis88 4, *tMIXRIHFEOAFHIZZ L CA-125 fEA<35U/ml @ 88 4,
RFEHBOEAM (FFQ %2 & A ZHRIMMAELE L ortho-PCBs & dioxions #{lE L . ANOVA
IZTRRIT L 7=,

(4& B) DEN TiZ, fKiBEERHEH OFFICEBVT OR: 5.82 [95%Cl : 1.20-28.3) THY, {LtHED
THEHR AL 72 BET OR: 4.58 (95%C11.80-11.62) Tdh -7z, PE Tix, HHOEENER
DI2OEET OR:5.61  (95%Cl11.90-16.60) Th -7z, ¥ RAEMCMSFE, RERER
YORBIER{LEH L OBERA LR, RBRBERICELTY, AERZY AZIER
biviehol, BEO RS L PCDD/PCDFs <> WHO-PCBs, ortho-PCBs & DB 4T
#% %, PCDD/PCDFs (3B A R ol o/cdd, ARPKAEREORMERIZIW T,
WHO-PCBs & ortho-PCBs BIZHEERENALNT (p <0.01), ABHETIZ. 7T
YA XDhEL, BRHACERLIEAL LARWS, REFNIZIEVRSH DL L ODTA
Fa# o vBELWIEWKTPE & DEN OMEIX, V27 OBESFHT2EFARELT
WAHIEMRMEINT,

(FFeF 1 ) | R - Al

(7o bA L) FE NBRE

(PR EMME) mEIC & 2 E MR, i

([ HIR ) e i

(BREEER) dioxin , ortho-PCBs
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2—5 F = IEAE

(#A4 k) Interaction between cytochrome P450 gene polymorphisms and serum
organochlorine TEQ levels in the risk of endometriosis.

(ZEF) Tsuchiya M, Tsukino H, Iwasaki M, Sasaki H, Tanaka T, Katoh T, Patterson DG
Jr, Turner W, Needham L, Tsugane S.

(EEFIE) Mol Hum Reprod. 2007;13(6):399-404. Epub 2007 Apr 20.

(xt& L i) FEEHREIToTVD 20—4S MO AR AKE 1384, T Aa—REIZT,
FEABRIE R LE 2 bo—(59 4),stages I-1l ZF#(31 4).stages llI-IV %
HITHE@E8 R)DY T I N—TFIZa¥, 7/ #4147 CYP1A] lled62Val & CYPIBI
Leu432Val polymorphisms # > L — 7|28 T dioxin % PCB toxic
equivalency (TEQ) L _AIZ KD FERRIEOEITHELOBELX VAT v 4 7
RRATIC TREAT L 7=,

(5 8) CYP1A1 462Val % \BETF 2 -7-8 T, dioxin LA OBV THEST
MOFERBREOY) A7 BIEL 258MmTH- (A% OR=0.13, 95%Cl:
0.02-0.76) (P for interaction = 0.08). PCB TEQ iX. CYPI1Al &\ Tl B
Aiein-o7=h5, CYP1B1 Leud32Val polymorphism Tii, PCBTEQ L /L@
FIlBVWTHITHEFEABEDN Y X7 BHRICE -7, (% OR=2.36, 95%C!:
0.56-10.0)(P for interaction = 0.05), CYPTA1 & CYPI1BI1 polymorphisms (i,
ARIERILSHORE & 75 NBEEOHEIT S OREICRET I FRENEND S,

(BHETHFA V) WA A 5

(77 b 2) TENBE

(PR EEIE{H ) f % ; gas chromatography/high-resolution isotope dilution mass
spectrometry. FAIfkEk; PCR-RFLP

(= H#sksE ) A&

(REER) CYP1B1 & CYP1B1 O RETF &2/ N—7,

Dioxin, PCB toxic equivalency (TEQ)
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(%4 kL) Increased levels of polychlorobiphenyls in Italian women with endometriosis.

(EF) Porpora MG, Ingelido AM, di Domenico A, Ferro A, Crobu M, Pallante D, Cardelli M,
Cosmi EV, De Felip E.

(EEHIE) Chemosphere. 2006;63(8):1361-7.

(&g L FHik) 2000 £ 4 AM5 2004 41 AO#M, 7 \n A a¥—RAICTFENBESEDREZY
BHOBRARRBLZHEINT- 0 —<IZTEET D 154 L0kt BEMOIZ, 40 4% T8
WNIESED & HAERF], 40 A% RUEOWMABRBOMNBL Lz, ZhboXxtsix, 20-40 ik
FTOXRE, BIEZOMOEBRICERB L TWVeW, 1 FELNOEKERMD 10kg LLETAR
W kR &ML L, i+ o polychlorobiphenyls (PCBs)i# & » dioxine # 2 Il E L |
Mann-whitney’s U-test (T TEeE L7z, /-, &xf$ 804 @mH PCB#EA 3 VYL —7
IZEL, EFERBoLy XEERH L,

(558) FERBRED S 5 LBV TMmS PCBs ENRE-T=(FEH : LPCBs410 ng g(-1),
lipid base, % : 250 ng g(-1) , lipid base p<0.001, &{7 & OR:4.0,ClI95% 1.3-13;
p = 0.0003), %1 A 40 PCBs(105, 118, 156, 167) &FEHF A A F £k PCBs
(101,138,153, 170, 180) i, #tBRIC~REF T PRES T >7, REFEHERELD,
FEABREDCHLZLMIZHBITAPCBRED EAMBTFIN, FIIFAFF L AARPHEFAMF
XVRDIATHREENTWAZ L bbholz, 5%IX, AW=ZXLOBEANRLETH
Do

(FETHA ) | HERE

(T bAA) FEHARE

(R 3% 3 () miE, EREREE

(EHER) |12V 7. a—~

(EEEE)

PCBs28,52, 105,118, 156, 167,101, 138, 153, 170, 180
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Effect of Soy Isoflavones on Endometriosis
Interaction With Estrogen Receptor 2 Gene Polymorphism

Masaki Tsuchiyva,*§ Tsutomu Miura,* Tomoyuki Hanaoka,* Motoki Iwasaki,* Hiroshi Sasaki, 1
Tadao Tanaka,? Hirovuki Nakao,} Takahiko Katoh,| Tsuyomu Ikenoue,§ Michinori Kabuto,
and Shoichiro Tsugane™

Background: Progression of endometriosis is considered estrogen-
dependent. Dietary soy isoflavones may affect the risk of endome-
triosis. and polymorphisms in estrogen receptor genes may modify
this association. We examined associations among soy isoflavone
intake, estrogen receptor 2 (£SR2) gene polymorphisms and risk of
endometriosis.

Methods: We recruited women age 20-45 years old who had
consulted a university hospital for infertility in Tokyo, Japan in 1999
or 2000. A total of 138 eligible women were diagnosed laparoscopi-
cally and classified into 3 subgroups: control (no endometriosis),
carly endometriosis (stage 1-11) and advanced endometriosis (stage
11-1V). We measured urinary levels of genistein and daidzein as
markers for dietary intake of soy isoflavones, and genotyped ESR2
gene Rsal polymorphisms.

Results: Higher levels of urinary genistein and daidzein were
associated with decreased risk of advanced endometriosis (# for
trend = 0.01 and 0.06, respectively) but not early endometriosis. For
advanced endometriosis, the adjusted odds ratio for the highest
quartile group was 0.21 (95% confidence interval = 0.06-0.76) for
genistein and 0.29 (0.08-1.03) for daidzein, when compared with
the lowest group. Inverse associations were also noted between
urinary isoflavones and the severity of endometriosis (P for trend =
0.01 for genistein and 0.07 for daidzein). For advanced endometri-
osis, £SR2 gene Rsal polymorphism appeared to modify the effects
of genistein (P for interaction = 0.03).
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Conclusions: Dietary isoflavones may reduce the risk of endome-
triosis among Japanese women.

(Epidemiology 2007:18: 402-408)

oy isoflavones are phytoestrogens found in soybeans.

Phytoestrogens are plant-derived nonsteroidal compounds
that possess estrogen-like biologic activities. These com-
pounds reportedly display weak estrogenic and antiestrogenic
properties.' * The 2 primary isoflavones found in soy are
genistein and daidzein. Structural similarities allow isofla-
vones to bind to estrogen receptors.”

It has been hypothesized that soy isoflavones may play
a role in the etiology of estrogen-related diseases and several
epidemiologic studies have been conducted; however, find-
ings have been complicated and inconsistent.”” A prospec-
tive study in Japan, where isoflavone intake is known to be
relatively high, showed a protective effect on postmenopausal
breast cancer.” On the other hand, a nested case—control
study in the United Kingdom, where intake is relatively low,
showed that serum and urnnary isoflavone levels were asso-
ciated with increased breast cancer risk.” A recent meta-
analysis found a small reduction in breast cancer risk asso-
ciated with soy intake.” However, the authors suggested that
the results should be interpreted cautiously due to potential
exposure misclassification, confounding, lack of a dose-re-
sponse pattern and the possibility of adverse cffects of soy
constituents.

Endometriosis is a benign, proliferative discase in
which tissue similar to endometrial tissue is found outside the
uterus—usually in the pelvic cavity, but sometimes in distant
organs. Lndometriosis is commonly accompanied by pelvic
pain and infertility. Both genetic and environmental factors
may contribute.® The reported prevalence of largely asymp-
tomatic endometriosis found in women undergoing tubal
ligation is about 4%, ranging from 1% to 7%.” Progression of
endometriosis is considered estrogen-dependent.'’ Soy isofla-
vones might thus be expected to affect the risk and severity of
endometriosis. However, few studies have investigated the
effects of soy isoflavones on endometriosis.

Several studies have recently described associations
between estrogen receptor (ESR) gene polymorphisms and
endometriosis.''™'* Genistein and daidzein reportedly display
much greater affinity for ESR2 than for ESR1,'* suggesting
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that the estrogenic or antiestrogenic properties of soy isofla-
vones may occur preferentially through ESR2. Although
functional variability of ESR2 gene polymorphisms could
feasibly be associated with response to soy isoflavones, whether
ESR2 gene polymorphisms exert altered phenotypic effects on
endometriosis through interactions with soy isoflavones is not
known.

The present study investigated whether urinary genistein
and daidzein are associated with risk and severity of endo-
metriosis, and whether polymorphisms in the £SR2 gene are
associated with response to soy isoflavones.

METHODS

Study Protocol and Ethics

This study was part of a case-control study conducted
on a Japanese population to investigate associations between
genetic and environmental factors in endometriosis.'”® We
recruited consecutive female patients age 20 to 45-year-old
who attended the Department of Obstetrics and Gynecology
at Jikei University School of Medicine Hospital for infertility
in 1999 or 2000. Since pregnancy commonly results in
complete resolution of minimal or mild endometriosis,
women who had given birth or lactated were ineligible,
leaving a total of 159 women who met the criteria. After
excluding 15 women who did not give consent, 5 who did not
undergo blood screening or laparoscopic examination, and |
whose DNA sample was not available, a total of 138 women
were available for the study (participation rate = 87%). No
participants had undergone therapy before laparoscopic ex-
amination.

All study protocols were approved by the Institutional
Review Boards of Jikei University, National Cancer Center
and National Institute for Environmental Studies. All partic-
ipants provided written informed consent before laparoscopic
examination.

Before the laparoscopic examination, participants were
interviewed by a single trained interviewer using a structured
questionnaire to collect information on demographic factors,
age, height, weight, medical history for themselves and their
families, reproductive and menstrual history, oral contracep-
tive use, food- and alcohol-consumption frequency, and
smoking history.

Participants collected first moming urine sample using
a paper cup and plastic tube, and gave a fasting blood sample
before the laparoscopic examination. Blood samples were
divided into plasma and buffy layers. All biologic samples
were stored at —80°C until analysis.

Diagnosis of Endometriosis

Laparoscopy is necessary for definitive diagnosis of
endometriosis. In the present study, all participants under-
went diagnostic laparoscopy, and stage of endometriosis was
determined by trained gynecologists in accordance with the
revised classifications of the American Fertility Society.'®
Endometriosis was absent in 59 women (43%), Stage | in 21
women (15%), Stage Il in 10 women (7%), Stage I1I in 23
women (17%) and Stage IV in 25 women (18%). Current
theories of endometriosis suggest that what is defined as
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minimal/mild endometriosis may actually represent a normal
physiologic process. Furthermore, a lack of consistency be-
tween laparoscopic and histologic diagnosis has been re-
ported, particularly for minimal/mild endometriosis.'” Con-
sidering the more severe stages as a separate category thus
appears logical.'® Based on surgically or pathologically con-
firmed disease status, we classified cases into 2 subgroups:
early (Stage 1-1I) or advanced endometriosis (stage 111-TV).
Women without endometriosis were defined as controls.

Determination of Soy Isoflavone Levels

Urinary levels of soy isoflavones offer a useful biomar-
ker for dietary intake and plasma concentration of isofla-
vones.'* ! The present study measured urinary levels of
genistein and daidzein as markers for dietary intake of soy
isoflavones. A total of 30 mL of first-morning urine was
collected before laparoscopic examination. Genistein and
daidzein levels were analyzed using high-performance liquid
chromatography with a coulometric array detector in accor-
dance with the modified methods of Gamache and Acworth.”

Concentrations of genistein and daidzein were deter-
mined by linear regression of peak height for cach standard,
and were adjusted according to recovery rate of the internal
standard. The regression coefficient of peak height and con-
centration calculated for soy isoflavones revealed a linearity
range of 0-8.0 pg/mL, with correlation coefficient values
>0.995. Voltametric response for the standard solution dis-
played coefficients of variation of 2.7% 8.4% for intraday
variation and 11.1%—12.2% for interday variation. Recovery
rates of soy isoflavones in urine samples ranged between
approximately 85% and 100%. Detection limits were 3.22
ng/mL for genistein and 4.14 ng/mL for daidzein.

Concentrations of urinary genistein and daidzein were
adjusted by urinary creatinine concentration to correct for
variability in urine dilution (umol/g Cre). All measurements
were performed by investigators blinded to case-control
status.

Genotyping of ESR2 Gene Polymorphism

The ESR2 Rsal polymorphism, comprising a G-to-A
change at nucleotide 1082 in exon 5, was genotyped using
polymerase chain reaction (PCR) restriction fragment length
polymorphism methods.”® Blood samples were obtained be-
fore laparoscopic examination. Genomic DNA samples were
extracted from peripheral white blood cells using a standard
protease K method. PCR products were digested using 5 U of
Rsal restriction enzyme at 37°C for 8 hours, then electropho-
resed on a 3% agarose gel containing ethidium bromide.

In this study, ESR2 Rsal polymorphism is represented
by the r and R alleles, with R indicating the presence of
corresponding restriction sites, and r indicating the absence
of restriction sites. For quality control, blinded control
samples were inserted to validate genotyping identification
procedures. Concordance for blinded samples was 100%.
Genotyping was conducted by investigators blinded to
case—control status.
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Statistical Analysis

To assess differences between cases and controls, basic
characteristics and possible risk factors for endometriosis
were compared using Student ¢ test and the x” test. Spearman
correlation coefficients between urinary level of genistein and
daidzein were calculated. We calculated odds ratios (ORs)
and 95% confidence intervals (Cls) for urinary levels by an
unconditional logistic regression model following classifica-
tion into medians or quartiles based on control distribution.
Linear trends for ORs were tested in the unconditional logis-
tic regression model by treating the categories as ordinal
variables. We evaluated trends for median values according
to disease stage to assess associations between urinary levels
of genistein and daidzein and discase stage.

To compare observed and expected genotype frequen-
cies, we tested for Hardy-Weinberg cquilibrium by using an
exact test. ESR2 Rsal polymorphism was classified into 2
subgroups according to the presence of corresponding restric-
tion sites: r/ genotype; and R/ + R/R genotype. ORs and
95% Cls were calculated for associations between £SR2 Rsal
polymorphism and endometriosis using the unconditional
logistic regression model.

To investigate whether the ESR2 Rsal genotype modi-
fied the effect of urinary levels of genistein or daidzein, we
calculated ORs and 95% Cls of endometriosis according to a
combination of subgroups for the ESR2 Rsal genotype and
urinary isoflavones, using the unconditional logistic regres-
sion model. A low level of urinary isoflavones in combination
with R/ + R/R genotype was considered as the reference
group. Interactions between ESR2 Rsal polymorphism and
urinary isoflavones in the risk of endometriosis were tested
with the Wald test using product terms between urinary
genistein or daidzein and genotypes.

The present study was designed to have 80% power to
detect a decrease in risk of two-thirds at the 5% level of
significance. All statistical tests were based on 2-tailed prob-
abilities. We adjusted ORs and 95% Cls for possible con-
founding factors of endometriosis, namely age (continuous),
menstrual cycle (continuous), and duration of menstrual
bleeding (less than 7 days or 7 days or more).”'" We used
SPSS for Windows software version 11.0 (SPSS JAPAN,
Tokyo. Japan) for statistical analyses.

RESULTS

Baseline Characteristics and Possible Risk
Factors for Endometriosis

Table 1 shows baseline characteristics and possible risk
factors for endometriosis in controls and cases. No important
differences in mean age or body mass index were identified
between groups. Distribution of menstrual bleeding, hyper-
menorrhea, and smoking also did not differ substantially. The
advanced endometriosis group had a shorter mean menstrual
cyele length than controls (controls, 30.7 * 6.1 days; ad-
vanced endometriosis, 28.3 = 3.0 days) and was more likely
to have menstrual cramps and dysparcunia.

404

TABLE 1. Baseline Characteristics and Possible Risk Factors
for Endometriosis
Endometriosis
Early Advanced
Controls  (Stage I-1I) (Stage 1T11-1V)
Baseline Characteristics (n = 59) (n = 31) (n = 48)
Age (yrs); mean = SD 831 =41 323:%32 32637
Body mass index (kg/m?); 21034 206 2.1 02 *21
mean * SD
Menstrual cvcle (d); 07x61 29636 283. 3.0
mean = SD
Menstrual bleeding; no. (%a)
<7 days 42 (71) 21 (68) 35(73)
=7 days 15 (25) 6(19) 10 (21)
Missing 2(3) 4(13) 3(6)
Hypermenorrhea; no. (%)
No 39 (66) 20 (65) 29 (60)
Yes 18 (31) 7.23) 15(31)
Missing 2(3) 41013) 4. (8)
Menstrual cramps; no. (%)
No 10 (17) 2(6) 1(2)
Yes 47 (80) 25 (81) 44.(92)
Missing 2(3) 4(13) 3(6)
Dyspareunia; no. (%)
No 31(53) 12 (39) 10 (21)
Yes 25 (42) 14 (45) 3471
Missing 3% 5(16) 4(8)
Smaoking status; no. (%)
Never 38 (64) 19(61) 20 (60)
Current or ever-smoker 19 (32) & (26) 15(31)
Missing 23 4(13) 4(8)

Effect of Urinary Isoflavones on Endometriosis

Table 2 shows risk of endometriosis according to me-
dian or quartile levels of urinary isoflavones. In controls,
median isoflavone level was 3.24 pumol/g Cre for genistein
and 4.01 pmol/g Cre for daidzein. The Spearman correlation
coefficient between genistein and daidzein was 0.84. Urinary
genistein and daidzein levels were inversely associated
with advanced endometriosis (P for trend = 0.01 and 0.06,
respectively) but not with carly endometriosis. For ad-
vanced endometriosis, the adjusted odds ratio for the
highest quartile group was 0.21 (95% CI = 0.06-0.76) for
genistein and 0.29 (0.08-1.03) for daidzein when com-
pared with the lowest group.

Table 3 shows the trends of median values for urinary
isoflavones according to disease stage. An inverse relation-
ship with stage of endometriosis was observed for both
genistein levels (P for trend = 0.01) and daidzein levels (P
for trend = 0.07).

Associations Between ESR2 Rsal Polymorphism
and Endometriosis

Table 4 shows the genotypic distribution of ESR2 Rsal
polymorphism and associations with risk of endometriosis.
The ESR2 Rsal r/r genotype was predominant. Allele fre-
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TABLE 2. Association between Urinary Isoflavone Level and Risk of Endometriosis

Endometriosis
Early Advanced
No (Stage I-1T) (Stage II-1V)
Urinary Isoflavone Controls No. OR (95% CI)* No. ORs (95% CI)*
Genistein (pmol/g creatinine)
<1.60" 14 1.00 22 1.00
1.60-3.23 15 12 1.86 (0.49-7.09) 13 0.65 (0.21-2.01)
3.24-6.49 15 0.82 (0.18-3.80) 7 0.40 (0.12-1.34)
=6.50 15 5 0.63 (0.14-2.89) 6 0.21 (0.06-0.76)
P for trend 0.34 0.01
Low level (<3.24)" 29 19 1.00 35 1.00
High level (=3.24) 30 12 0.50 (0.18-1.39) 13 0.35(0.14-0.87)
Daidzein (pwmol/g creatinine)
<1.94" 14 5 1.00 16 1.00
1.94-4.00 15 1.87 (0.41-8.57) 15 0.84 (0.26-2.73)
4.01-7.94 15 12 2,16 (0.49-9.41) 10 0.65 (0.20-2.09)
=795 15 7 1.33 (0.30-5.97) 0.29 (0.08-1.03)
P for trend 0.73 0.06
Low level (<4.01)" 29 12 1.00 31 1.00
High level (=4.01) 30 19 1.21 (0.45-3.27) 17 0.49 (0.21-1.15)

*Adjusted for age (continuous); menstrual cycle (continuous); and duration of menstrual bleeding (less than 7 days or 7 days or

more).
"Reference category

TABLE 3. Median Values™ of Urinary Isoflavone Level and Stage of Endometriosis
Early Advanced
Controls (Stage 1-11) (Stage HI-1V)
Urinary Isoflavone (n = 59) (n = 31) (n = 48) P for Trend*
Genistein (mol/g creatinine) 3.2(1.6-6.5) 26(1.7-5.2) 1.7 (0.64.1) 0.01
Daidzein (wmol/g creatinine) 4.0 (1.9-8.0) 4.9 (2.6-7.6) 2.6 (1.0-5.0) 0.07

*Jonckheere-Terpstra test
*Median (25th-75th percentile).

quencies of ESR2 Rsal polymorphism were 0.77 for the r
allele and 0.23 for the R allele. In addition, the distribution of
ESR2 Rsal polymorphism was in Hardy-Weinberg equilib-
rium (P = 0.26). The ESR2 Rsal r/r genotype was associated

TABLE 4. Association Between ESR2 Rsal Polymorphism
and Risk of Endometriosis

Early Advanced
N (Stage 1-11) (Stage 11I-1V)
0.
Genotype*  Controls No. OR (95% CI)'  No. OR (95% CI)’
Rir + R/R? 26 2] 1.00 26 1.00
rir 33 10 0.30(0.11-0.85) 22 0.67 (0.29-1.55)

*Exact test for Hardy—Weinberg equilibrium: P = 0.26.

TAdjusted for age (continuous); menstrual cycle (continuous); and duration of
menstrual bleeding (less than 7 days or 7 days or more).

*Reference category.
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with reduced risk of early endometriosis compared with the
R/r + R/R genotype (OR = 0.30; CI = 0.11-0.85). The
association was weaker for advanced endometriosis (0.67;
0.29-1.55).

Interactions Between ESR2 Rsal Polymorphism
and Urinary Isoflavones in the Risk of
Endometriosis

Table 5 shows ORs and 95% Cls of endometriosis for
combinations of ESR2 Rsal genotype and urinary isoflavone
levels. Compared with subjects with the ESR2 Rsal R/ir +
R/R genotype and a low genistein level, ORs of advanced
endometriosis were lower among the 3 other groups. The
adjusted OR was 0.10 (95% CI = 0.02-0.48) for subjects
with ESR2 Rsal R/r + R/R genotype with high genistein
level; 0.32 (0.10-1.04) for subjects with ESR2 Rsal r/r
genotype with low genistein level; 0.27 (0.08-0.92) for
subjects with ESR2 Rsal r/r genotype with high genistein
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TABLE 5. Interactions Between ESR2 Rsal Polymorphism and Urinary Isoflavone in the Risk
of Endometriosis
Early Advanced
Urinary Isoflavone No. tage 110 o -1V
Genotype (pmol/g creatinine) Controls No. OR (95%ChH* No. OR (95%CI)*
Genistein
Rir + R/R Low" 11 11 1.00 22 1.00
Rr + R/'R High 15 10 0.88 (0.23-3.38) 4 0.10 (0.02-0.48)
rir Low 18 # 0.54 (0.15-1.93) 3 0.32 (0.10-1.04)
rr High 15 2 NC 9 0.27 (0.08-0.92)
P for interaction NC 0.03
Daidzein
Rir + R/R Low" 15 10 1.00 19 1.00
Rir + R/R High 11 11 1.28 (0.33-4.96) 7 0.35 (0.09-1.34)
rr Low 14 2 0.18 (0.03-1.09) 12 0.56 (0.18-1.78)
rir High 19 8 0.44 (0.12-1.61) 10 0.39 (0.13-1.20)
P for interaction 0.58 0.45

*Adjusted for age (continuous): menstrual cycle (continuous); and duration of menstrual bleeding (less than 7 days or 7 days or more).

+
Reference category
NC, estimates were not calculated due to missing data.

level. A significant interaction was noted between ESR2 Rsal
polymorphism and genistein levels in risk of advanced endo-
metriosis (P for interaction = 0.03). Interactions between
ESR2 Rsal polymorphism and genistein level were not ob-
served in early endometriosis. Although a similar pattern was
observed for ORs of both early and advanced endometriosis
for the combinations of ESR2 Rsal genotype and urinary
daidzein level, these may have been due to chance.

DISCUSSION

The present study showed an inverse association be-
tween urinary isoflavones and the risk of advanced endome-
triosis. This association was stronger for genistein than daid-
zein, In addition, there was statistical evidence for interaction
between urinary genistein and ESR2 gene polymorphisms.

The reduced risk of endometriosis following ingestion
of soy isoflavones may be attributable to antiestrogenic prop-
erties of these compounds. A previous study showed that

prolonged exposure to genistein results in decreased levels of

estrogen receptor mRNA in addition to decreased response to
estradiol stimulation.®* Plasma levels of isoflavones can be
10,000- to 100.000-fold higher than those of estradiol.”
When the relative binding affinity of 178-estradiol was set at
100 in solid-phase competition experiments, relative binding
affinity for ESR2 was 87 for genistein and 0.5 for daidzein.'
Although the elimination half-life from blood and urine is
reportedly 7-8 hours for both genistein and daidzein,* long-
term soy diets may modify the physiologic effects of estro-
gens. Given these facts, a lower prevalence of endometriosis
might be expected in Japanese populations compared with
Western countries, as with breast cancer. Nevertheless, the
prevalence of endometriosis in the Japanese general popula-
tion remains unclear due to the need for surgical diagnosis.
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Our finding showed that the strength of association was
stronger for genistein than for daidzein. One possible expla-
nation is the difference in their binding affinities to ESR2. A
second possibility is based on the difference in metabolism
between genistein and daidzein. Daidzein can be metabolized
to equol and O-desmethylangolites by intestinal bacteria, and
these metabolites are absorbed, enter the circulation, and are
excreted in urine. Although equol has been suggested to
possess stronger estrogenic properties than genistein, some
individuals are capable of equol production whereas others
are not, probably because of differences in gut microflora.
This difference might play a role in the weaker associations
for daidzein than genistein.”’

ESR2 plays important roles in endometrial function, in
addition to the well-known role of ESRI1 in endometrial
proliferation and differentiation.”® The ESR2 Rsal polymor-
phism does not cause amino acid changes, but may well be
associated with altered ligand-binding affinity or transcrip-
tional activity. Genes containing single nucleotide polymor-
phisms (SNPs) can cause different structural folds in
mRNA,* and these mRNA variants may possess different
biologic functions during interactions with other ccllular
components. Altered estrogen or soy 1soflavone signal transduc-
tion thanks to ESR2 gene polymorphisms may be directly
responsible for interindividual susceptibility to and severity of
endometriosis.

The present study found evidence of an interaction
between urinary genistein and ESR2 gene polymorphisms.
Isoflavones may play a more effective role among the ESR2
Rsal R/r + R/R genotype than the r/# genotype, although the
latter itself is likely to be protective for endometriosis. This
result should be interpreted cautiously, however, because of
the relatively small number of subjects—a major limitation of
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