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Female reproductive toxicity of environmental endocrine disruptors and their roles in
development and progression of gynecological tumors XU Jia-wei®, WU Yi-hua?®, XIA Da-jing*
(1.School of Public Health, Zhejiang University, Hangzhou, Zhejiang 310058, China; 2.Women’s
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Abstract:

Environmental endocrine disruptors (EEDs) refer to a class of exogenous substances or their
mixtures widely present in environment that are known to interfere with human endocrine system
and the function of natural hormones, leading to organ/tissue damage and diseases. In recent years,
there are evident increasing incidences of female estrogen-dependent tumors such as breast cancer,
ovarian cancer, and endometrial cancer. A great number of studies indicate that exposure to EEDs is
toxic to female reproductive system and one of the underlying etiological factors for developing tumors
in hormone-sensitive organs. This paper systematically reviewed phthalates (PAEs), polychlorinated
biphenyls (PCBs), and bisphenol A (BPA) about their effects on female reproductive system and their
implications in developing gynecological tumors, aiming to provide evidence for further studying
gynecological tumor prevention, EEDs toxicity, and pollution prevention and control.

Keywords: environmental endocrine disruptor; phthalate; polychlorinated biphenyl; bisphenol A;
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REBAEMT,

B X Z B R B5 (phthalates, PAEs), £ S B X
(polychlorinated biphenyls, PCBs) F13X &} A (bisphenol
A, BPA) R=MEZNIRFAND W TILY . ACHXT
PAEs. PCBs 71 BPA X¥ 4 78 & 4t A9 52 1 I & H 7 13 B
BINRE R RTPNERREXNGIH#HITEZR, FiRE
WARRKA—LEREE,

1 PAEs, BPA F1PCBs &4y
1.1 PAEs

PAEBSEEBAEBEMMN—FRIALHFHENLE
m, HAREERFZENYRESEZRR = (2-2
£ ) C g (diethylhexyl phthalate, DEHP), © & B B
AR IZAMEBH . DEHPE AR FFHR
HOUTMAERRBERBRE AR -2-2-2ECEK
[mono (2-ethylhexyl) phthalate, MEHP], MEHP 22 i3
fUNBRENEZNFEAMERT, SERE
(2- 2 & -5-RECE) SBEZHELES [mono- (2-ethyl-
5-hydroxyhexyl) phthalate, MEHHP] . # (2- 7, & -5-
S CH) SBE — HEE EE [mono- (2-ethyl-5-oxohexyl)
phthalate, MEOHP] & #1/i°!, A (KAt PAEs TEHE
BITRE, LT PUBIE RN R AR IZ L FREE . PAES 7E
ARG EETERRKBREMNEERN. B
A, PAEBSEZRERERASR, KEMLIESETE
HNEEENTEYZ—.
1.2 BPA

BPARRE XU EY. ERFRUFMNHEMFITHE
M, TERTERBREERMTEAREBENEK, %
ZATERS BILPHR. ReasslERA~RN4E
. BEl, st R EEBPANGHAEERBE—TA
g BPARH IR RHMER, TUESEHE S
BEZE, NEAHEEERERBNRIK, o, BPAH T
e EERILMHMER Xy X1k (estrogen-related
receptor gamma, ERRy) Z5& . FIth, HXZ2HELH
AREWUEIREERRILM,
1.3 PCBs

PCBsE—MBEBMRENE RAREFMNES
M FTEATAEFEFEEa BRSFMNL AR,
2013 F, EFREEAEFFZ B0 (International Agency for
Research on Cancer, IARC) ¥ PCBs 2§ A\ N\ K E 4 B
k. PCBsERZHRITMURERE, HRE~WTEE
REANEHIERERT . REFVEAEATEZH

B EFHARYH1075F ", AF PCBs BH K
ety HEANERT IS S . B8E R &S
FESMES ATEMAGEERFHIE ™, It
SN, PCBs ] DUBIT RA AR LS £ S .

2 EEDs 3 MEERGRIZ NN
2.1 EEDs X 5F £ S00

EEDs WP E MM EFERIERANINBAEMNT
m, Hof B EREATIRARERIERT TR
P - A - DR, MM mIP/EMAE . PAES XTHIE
HNEmMEFZEENIVBEMRELRBEAFTM, XFIHIP
BREMNTNE, MHNSEMEHERNINERLSAE
AN

Xu%s M AL R AT, KRFFE:60d 600mg/kg
DEHP 5 & S E W25 U0 5 20 A F1 R 4% UP £ 4H BE A9 2%
B I K A 9 0 e £ B 180, Bonilla % ™ @13 5016
FREI, TR/ #5452 24h 2507500 mol/L f MEHP
FET NN TR FHEEN SR HKE, #mEFR
INR IV RBREER D . Zhang F 'Y BIT KRS SIS FT R
LI NI H AR/ 5L U0 ££45 45 72 h 107100 mol/L DEHP
RESFEVRIPNEABAE B R, o, DEHP
SEMYENGMEENRE. LuE BEHYIR
RIN, Frgke FL NI B A/ R {FMR 0. 100, 400 1
1600 mg/kg 9y DEHP | i@ id RT-PCR S2I& #8 1 & T/ KR
P 5RALERAXNER (ckit, kitl, gdf9) B
FILERBFER. BT, —LLHHI0P/ENZHMEY 15
A9 miRNA (let-7b, miR-17-5p miR-181a F1 miR-151) A
TR EH TR, Ib9h, MEHP thE2 M A KIS ML
B . Muczynski % " (R 5y R B9, EIREA 7712 MW
ZiEL72h 10°mol/LIIMEHP R E S SEAE RN 5 R
MR EMFE, #—PHREAI, MEHP g8 &I
FZZEESEBMNME M EAESLREIRE.

PCBSMIRBHESNINENAEN L HEER S
FE—EHNEW, Muratt £ BT MEIRANEC
ROPE MR (CHOKL) RETAEREAPCBs &
SEHEBREEARREENIRIR, PCBsths N GP
SRR IETE. RIEHE NI, ZBINELEEE
(polycystic ovary syndrome, PCOS) 2 H{&R A ZE B =K
FHEMmIEN—RIERE., YangE ™ FEIL T K
FEE PO —TUR XS B 55 AL, PCOS Kl
HRLMEFHPBsRERES T RAF L, Sara
S EMFIER I EMIANR T ERET P OMN—
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DUR B BB F . 53 348N 7 52 % PCOS &£ #0150
EXNBARMBEFRPCBs A& E, KILPCOS BEME
LA PCBs ARYM S EYRES TXRA.

Kandaraki % ! @13 S TR Z W 52 & P A 44 BPA
ZESFEMHNARNESHEENEER D, #HSER
Z, b9, BPARBELR S SEZRIVENEME, X
THZR2E,
2.2 EEDs Xt FEHIEN

EEDs th o] UM FE N EMMINGE, SBTFER
ERAENFENESERRNAE. FERNERAE
e M A TERRARTMERREMER, R1T
RERRFE, FERERNAEREFE M7 DEHP,
MEHP #1 PCBs f9/K BB S5 FRER L™, B,
EEDs 5|2 15 MR FAUE AN &I 15 A A%, B2
LIS FRAF, MEHP BT INTF = WEERERAEATEN
MNmBlEFERNERMENEZE™. FEIBEX
MABEREN—MELME, KimE P Bt R
TRFMREE ST A, KU PAEs T LB (R F
SNEFBINMEAEE, IHEMEAT, RN
M RER S, NTR#HTFEAENERE.

&I, BPAT] DUBIS(E#E A K F 5 AL B R
THEAIIGTE, NEMEEZENTER. NT{EHTE
ALER %4 P, Pollack & " E — TR ITIRE AR P K
W, FENBEEMEFBPANRERES TXYERA
B OFHMBSBPARNKESETFESIENNAKRZIE
BN

3 EEDs SERIMEAEXRRIKE

YT 3K, EEDs 7E 78 A& R A A9 1F A SR 5 2 A
MER. TREI, EEDs JUEART LD RIRF I
EHEMEONAMREN SBARTESRE. RHM
BOELE. WE FTERARTHEDSRELRS
B . PAEs # PCBs o] DU 7E A ¥ & (A & 12 3 AR 2R A
ZMER . R ERSRSRENMBEREXREMN,
PAEs ] L% g A B8 A A Ay A AN 42 4k, 1 PCBs T [
T BARNECERREEE. ERTHERE
FRRBE 2 X R EEDs fE MR Z M. B AT HE L
B AFER EEDs SABER A ARz BRI EEREK.
3.1 EEDs 53 p3JE

AREEANMBESRE LAEMME. EF
k., AREBHNRBREREERE LT, AREHA, BER
R M HMEENEIRMERARRR IRZBIIRE

RAEMBREE ", EEDs E £ K& B MR E R AT
MBS AR EHEHALRENEE, TESFEER
RS ENEK, AR EBEYNEURM IR IE
HBERTRDMESEREARHILBRENLRSE Y,
Chen & P BT AINAARIE SRR AT, A ALARTEA
fEl MCF-7 /R il X\ DEHP T Ui i ¥E A F PI3K-Akt i B
(B MAE A ETE 76 MCF-7 28 i b [ i il A\ DEHP 1
17-B M — o] PUHPHI B AR A T, Liu % P @ad 4
FRSCLE, FIF PCB A JLFHE & AR & AL IR AR
BB, IR E (<60nmol/L) A9 PCBIE A MITE SR
I M 8 R 2R B9 MCF-7 4R B o FL R 38134 M = =2 14K
9 MDA-MB-231 4R FR , BT M ™= 4 42 135 A R 4 R
EKBER, TR E KT 60 nmol/L i A X 7L iR 5
AMEESHERMIFAMABET. ERENTR
h NRILREREIREE T PCBs T, R T HBAREL
E R TS, Soto F P MR A, AR
HiBPARE S SEMILILBRMERM EEMRMES
RETH, ERILBREZESHUNIRS EHIER
. BRI, A RS ARITRFEMNRRIUE T EEDs SR
RS HIE R, 0 Holmes & ¥ £ &F I —TUR1T/%
SR AL, BRI RER % R IK F MEHP AR
EEWLBHNKE EIEERX, ParadaE P EK B
BRI R XN RITREFRIE R8N T 11 7 PAEs
RiFFHEARBNRERRARTRNRER, &1
17FEMERFR, EEXNEBMIK25kg/m’ B 1a %
#, MEHHP  MEOHP IR E S5 RENIL TR EE1H
*., SRAT7EBMI > 25 kg/m* {913 R AN FH X K P IX
F9YER. Sprague E P R ITREMAP LI, BE
HALXRBEPBE_FRENRESABRENLR
B X IE 48 3¢ , Donat-Vargas % ) 7 T 82 9 — T F
FEFEREXRRPZEARANEESAREBEXRRDY
AFIF R AL, HIFETER. XKL, BMI, fEE
BABRAERZRRRG, REPSEBRENREEKTE
53 R RS T3 . Wielspe Z Y 77 2018 £ F 4145
A B — T3 BAF 5 A 7 MiE & PCBs 5 3L AR
RN <R, ERREP MFEPPCBHSESIHR
R 2 EHX, X T EEDs U RE 59 IR KBS
XEAMAERTREMRER AR ARKEFER
S RF PRI EEDs SARBRENER,
3.2 EEDs 5Op&is
NEmELHEERETNAEEMEZ—. B
FNLRMERARET AENBREIZE, FiL,
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BHRAENEBENREARPER TEEEEZNE
A, EEDs o] PLBId & g A AR EE MK, 5l A
FREKEZIMNMEWPLIIE ", BEEFH
BT, B JLEAFIFT A JLHAEDCs REN P E MMM 5 K
kEBEMERENEHARSRPH. NEBMELZEI
HEN PR EIRE. Newbold & BT 541k
xR A, ZEMIH 4 A9 Wistar KR P F54E60d R 5E
T 20mg/kg FIBPAS L E KR IPE S, HILHP
HEME, BB OPERVHBINBNEE. ERE
CD-1/NFRAKHI100g/kg BPAR B SEIN E T M IZ
4, XL T SEDCsER TR Z @Es Mg nop &
B AIGTER F 5%, EEDs K O] PUE S KR 8l FE ik ik
(epithelial-mesenchymal transition, EMT) X & H 1
FiA, MR SHMBEMBNTR, KimE“ BiIHR
K I TE U £ 7 4AAE BG-1 /1 BPA & 58 o] I il vimentin
HIFRIE, ) E-cadherin By 3RaA {2 3 DP 5 52 40 AR AY
T, 1B B A% T EEDs F 0P & 52 & 4 MBS 1R 1T9R
FHRMALZE,
3.3 EEDs 5FEF R EE
FTENEBEREERTPEFRN—ELARE
MR, EHERXENEREZSERHMBFERMEX
BT M P Y B Be R R AR, EEDs TTRE il IT &
0FE A AR R AR R £ 7 RE I TR i 5 W BERE
AR, LE" BEsYLBR LY DEHP SN TF S
MRS AR A TFRE 1, o] DUBIE T3 MAPK &
NF-kBf5 SBEE M E I FE R IRMHK B . ChenF
BT A SCLS & I, 0.3 umol/L F1 3 pmol/L 4 PCBs B
SBIEHTERN RS MR E MR IGIE, tLSNPCBs th
N85 400 B FR A A R F A9 R34, Helmestam %5 1 i@ 33 44
SNREG R I BPAS E M5 A BE Y 15 4 AX . Bromer
ZEWHHYLBERKE, NREHRBPARESF M
FTEERABRNBZERNE, LURSIBNES 1S
NIERE KL BH XERE Hoxal0 f§FRIA, Reich &
R, EFEAEREEBENEEBAERGALR Bl NN
F|KEPCBRIRYAIFRIL, X LJFIEERSR B EEDs Xf
ENENEEIEFETEEERA.

4 EEDs XiZc 4 5E S HERIERLE
4.1 ERISZ AT

EEDs B TILA N EE BT MNRES, #mema
AREOEK, NRESMHER. EEDs AR R
MHEAERERET SRRERRNIERES, KENE

HEIEA., PAESTETR &2 o] AR AR R PR R E AV 244
Z&, slEMRANEDIER LA P21 ER TIA,
MR 2 O S 5 R AE A 1 Y

BR T ERTRFEMRRANZIR, EEDsE ] UERT
5XERHREMAMRIEEXNEE, BIEFBNE
M REAT, Nk ESHER. EUERNXE
EHENKEZERESRREEAES, B ERXT
TRATXEBRAENRSKEEFEEENER. &
MEEBENERT, BKRERH -SO3 5XERHE
ZEENMERFRIEEHIANE, MERKEROE
AT, B EH -SO3 MK El B2 A = L & &5 M £
MERE AN, BPAT DUBIT I FI B E S ERIA
FREBRMTEEVEANFRITEK, BIIHEN
SEM MTSIEAGAMBREEZILY ., IRFER
KUY RAZEM KRB (PHAH-OHs) b 5] PUR IS ]
FIEEEZIAIE T, MFIE B EREHRNE
&, WK "R AR E AR E,
4.2 FMEEHE

R REBIHTEIEONARR L. BEAEI.
L AREBFIIESAD RNA, EEDs MR IF FAOE I
ERIEENBEDONAFFIMIER Tl EAERE IR
B ERN SR, SIHSIGRFRERERNER
B F Bz, EEDs X RINE £ P EFFILA 05 I
MR Z AR BEBEREALES -3- MBS (PI3K) /Akt % _FFF 240
PR{ESBA X, BPATBE RIEZHIBEHIEARE
BEERMFKE MNTIXIAR=EEESY, EARE
WRHBPARE T UEMANMESBEE —LER
ESBEANRVWIEEILRE, EEIR30790d i BPA R
B, OUMUEFRMFERNEEEEERERMNE
5 HERD>LFIRE S A X B9 microRNA & 4 250,
4.3 Hitn

BT LR A H SN, ER4 EEDs IF o] i@ i 8] £ 1
AXNEMEERGRINGE £, MEHPBEIES
ROSHY 4 pY, # M =& —RINNEMN A, BRI
HBEALYE {LES 1 (superoxide dismutase 1, SOD1) X
A B HE KIS | L ¥ B8 (glutathione peroxidase, GPX)
A, N mINamINeE™, BE_BR_T
F& (dibutyl phthalate, DBP) 5] [\ i@ I3 #] %1 40 A B B3 5=
E1l. E2 & B1RyFRiL, HDH 40 A6 B HAM Mo 4 32 14 ORI
FIEIK, BhIN, —LEEEDs (IRBTIE BB S X AE =4
TREmM, N_IEHMODTEEVELEY. BHTE
BEREFCGREBHREHUAREERESNRRT. Bt
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XS A EARY R0

5 REHRZE

IEFEREENRSRMNMNE, EEDs T AFHNRBE
ERBERMINE, PAESEERN AR A IZMN—%
HRSERY, SOMSTBUFNREEAESANE
fil PAEs B94L = K KIE SN, PCBs 2 A MBI LY
h—k, REEREYEREMKIZREETRA N
MRS, BEIE. SIPIRERITRFE LR ER
FEEDs T BT Z MR R ELXMEERFNER,
RAAMMBHRERR. KESRAREMRLNEN
W)KF L8R T EEDs B EMALE], ERRX LR
EERBIMNERANGETFE—FHIA, Bal, KT
EEDs W AR B X £ X RIVEMI IR A BTE,
MBEH—DHTHR. I, BHFMHEESFTERR
Bt B EEDsEABFPHIRE, HAlRAELMRMAR
L. EFH . Z2HEHERL.

B2

[ 1] BERGMAN A, HEINDEL JJ, KASTEN T, et al. The impact of
endocrine disruption. a consensus statement on the state
of the science [J] . Environ Health Perspect, 2013, 121 (4).
A104-A106.

[2] LEGLER J, FLETCHER T, GOVARTS E, et al. Obesity,
diabetes, and associated costs of exposure to endocrine-
disrupting chemicals in the European Union [J] . J Clin
Endocrinol Metab, 2015, 100 (4). 1278-1288.

[ 3] NOHYNEK GJ, BORGERT CJ, DIETRICH D, et al. Endocrine
disruption. fact or urban legend? [J] . Toxicol Lett, 2013,
223 (3).

[ 4] BRAY F, FERLAY J, SOERJOMATARAM I, et al. Global cancer

295-305.

statistics 2018. GLOBOCAN estimates of incidence and
mortality worldwide for 36 cancers in 185 countries [J] . CA
CancerJ Clin, 2018, 68 (6). 394-424.

[ 5] FERNANDEZ SV, HUANG Y, SNIDER KE, et al. Expression
and DNA methylation changes in human breast epithelial
cells after bisphenol A exposure [J] . Int J Oncol, 2012, 41
(1). 369-377.

[6] LANG PODRATZ P, DELGADO FILHO VS, LOPES PF, et al.
Tributyltin impairs the reproductive cycle in female rats [J] .
J Toxicol Environ Health A, 2012, 75 (16-17) . 1035-1046.

[7] FUCIC A, GAMULIN M, FERENCIC Z, et al. Environmental

exposure to xenoestrogens and oestrogen related cancers.
reproductive system, breast, lung, kidney, pancreas, and
brain [J] . Environ Health, 2012, 11 (s1). s8.

[ 8] BERGE A, CLADIERE M, GASPERI J, et al. Meta-analysis of
environmental contamination by phthalates [J] . Environ Sci
Pollut Res, 2013, 20 (11). 8057-8076.

[9] FU Z, ZHAO F, CHEN K et al. Association between urinary
phthalate metabolites and risk of breast cancer and uterine
leiomyoma [J] . Reprod Toxicol, 2017, 74. 134-142.

[10] LEE HS, PARK EJ, OH JH, et al. Bisphenol A exerts
estrogenic effects by modulating CDK1/2 and p38 MAP
kinase activity [J] . Biosci Biotechnol Biochem, 2014, 78
(8). 1371-1375.

[11] POIDATZ D, DOS SANTOS E, BRULE A, et al. Estrogen-
related receptor gamma modulates energy metabolism
target genes in human trophoblast [J] . Placenta, 2012, 33
(9). 688-695.

[12] RITTER R, SCHERINGER M, MACLEOD M, et al. Intrinsic
human elimination half-lives of polychlorinated biphenyls
derived from the temporal evolution of cross-sectional
biomonitoring data from the United Kingdom [J] . Environ
Health Perspect, 2011, 119 (2). 225-231.

[13] KEZIOS KL, LIU X, CIRILLIO PM, et al. Prenatal polychlorinated
biphenyl exposure is associated with decreased gestational
length but not birth weight. archived samples from the
Child Health and Development Studies pregnancy cohort [J] .
Environ Health, 2012, 11. 49.

[14] XU C, CHEN JA, QIU Z, et al. Ovotoxicity and PPAR-mediated
aromatase downregulation in female Sprague-Dawley rats
following combined oral exposure to benzo [a] pyrene and
di- (2-ethylhexyl) phthalate [J] . Toxicol Lett, 2010, 199 (3).
323-332.

[15] BONILLA E, DEL MAZO J, et al. Deregulation of the Sod1
and Nd1 genes in mouse fetal oocytes exposed to mono-
(2-ethylhexyl) phthalate (MEHP) [J] . Reprod Toxicol,
2010, 30 (3). 387-392.

[16] ZHANG T, LIL, QIN XS, et al. Di- (2-ethylhexyl) phthalate
and bisphenol A exposure impairs mouse primordial follicle
assembly in vitro [J] . Environ Mol Mutagen, 2014, 55 (4).
343-353.

[17] LIV J, WANG W, ZHU J, et al. Di (2-ethylhexyl) phthalate

(DEHP) influences follicular development in mice between

www.jeom.org



#5572k & % | Journal of Environmental and Occupational Medicine | 2019, 36 (1) 55

the weaning period and maturity by interfering with ovarian

development factors and microRNAs [J] . Environ Toxicol

2018, 33 (5). 535-544.

[18] MUCZYNSKI V, LECUREUIL C, MESSIAEN S et al. Cellular
and molecular effect of MEHP involving LXRa in Human Fetal
testis and ovary [J] . PLoS One, 2012, 7 (10) . e48266.

[19] MURATI T, SIMIC B, BROZOVIC A, et al. PCB 77 action in
ovary cells-toxic effects, apoptosis induction and cell cycle
analysis [J] . Toxicol Mech Methods, 2015, 25 (4). 302-311.

[20] YANG Q, ZHAO Y, QIU X, et al. Association of serum levels
of typical organic pollutants with polycystic ovary syndrome
(PCOS) . a case-control study [J] . Hum Reprod, 2015, 30
(8). 1964-1973.

[21] VAGI SJ, AZZIZ-BAUMGARTNER E, SJODIN A et al.
Exploring the potential association between brominated
diphenyl ethers, polychlorinated biphenyls, organochlorine
pesticides, perfluorinated compounds, phthalates, and
bisphenol a in polycystic ovary syndrome. a case—control
study [J] . BMC Endocr Disord, 2014, 14. 86.

[22] KANDARAKI E, CHATZIGEORGIOU A, LIVADAS S, et al.
Endocrine disruptors and polycystic ovary syndrome
(PCOS) . elevated serum levels of bisphenol A in women
with PCOS [J] . J Clin Endocrinol Metab, 2011, 96 (3).
E480-E484.

[23] GORE AC, CHAPPELL VA, FENTON SE, et al. EDC-2.
the endocrine society's second scientific statement on
endocrine-disrupting chemicals [J] . Endocr Rev, 2015, 36
(6). E1-E150.

[24] KIM SH, CHO S, IHM HJ. Possible role of phthalate in the
pathogenesis of endometriosis. In vitro, animal, and
human data [J] . J Clin Endocrinol Metab, 2015, 100 (12).
E1502-1511.

[25] KIM JH, KIM SH, OH YS, et al. In vitro effects of phthalate
esters in human myometrial and leiomyoma cells and
increased urinary level of phthalate metabolite in women
with uterine leiomyoma [J] . Fertil Steril, 2017, 107 (4).
1061-1069.e1.

[26] CRAIN DA, JANSSEN SJ. EDWARDS TM, et al. Female
reproductive disorders. the roles of endocrine-disrupting
compounds and developmental timing [J] . Fertil Steril
2008, 90 (4). 911-940.

[27] POLLACK AZ, BUCK LOUIS GM, CHEN Z, et al. Bisphenol

A, benzophenone-type ultraviolet filters, and phthalates in
relation to uterine leiomyoma [J] . Environ Res, 2015, 137.
101-107.

[28] ISHIHARA H, YAMASHITA' S, FUJII S, et al. DNA methylation
marker to estimate the breast cancer cell fraction in DNA
samples [J] . Med Oncol, 2018, 35 (11). 147.

[29] KANG C, LEROITH D, GALLAGHER EJ. Diabetes, obesity,
and breast cancer [J] . Endocrinology, 2018, 159 (11).
3801-3812.

[30] CORMANIQUE TF, ALMEIDA LE, RECH CA, et al. Chronic
psychological stress and its impact on the development of
aggressive breast cancer [J] . Einstein (S3o Paulo), 2015,
13 (3). 352-356.

[31] SHRIDHAR K, SINGH G, DEY S, et al. Dietary patterns and
breast cancer risk. a multi-centre case control study among
north indian women [J] . Int J Environ Res Public Health,
2018, 15 (9). 1946.

[32] SIFAKIS S, ANDROUTSOPOULOS VP, TSATSAKIS AM, et al.
Human exposure to endocrine disrupting chemicals. effects
on the male and female reproductive systems [J] . Environ
Toxicol Pharmacol, 2017, 51. 56-70.

[33] HALL JM, KORACH KS. Endocrine disrupting chemicals
promote the growth of ovarian cancer cells via the ER-
CXCL12-CXCR4 signaling axis [J] . Mol Carcinog, 2013, 52
(9). 715-725.

[34] CHEN FP, CHIEN MH, CHERN IY. Impact of low concentrations
of phthalates on the effects of 17B-estradiol in MCF-7 breast
cancer cells [J] . Taiwan J Obstet Gynecol, 2016, 55 (6) .
826-834.

[35] LIUS, LIS, DU Y. Polychlorinated biphenyls (PCBs) enhance
metastatic properties of breast cancer cells by activating rho-
associated kinase (ROCK) [J] . PLoS One, 2010, 5 (6).
el1272.

[36] SOTO AM, BRISKEN C, SCHAEBERLE C. et al. Does cancer
start in the womb? Altered mammary gland development
and predisposition to breast cancer due to in utero exposure
to endocrine disruptors [J] . J Mammary Gland Biol
Neoplasia, 2013, 18 (2). 199-208.

[37] HOLMES AK, KOLLER KR, KIESZAK SM, et al. Case-
control study of breast cancer and exposure to synthetic
environmental chemicals among Alaska Native women [J] .

Int J Circumpolar Health, 2014, 73. 25760.

www.jeom.org



56 35455423k & % | Journal of Environmental and Occupational Medicine | 2019, 36 (1)

[38] PARADA H JR, GAMMON M D, CHEN J, et al. Urinary
phthalate metabolite concentrations and breast cancer
incidence and survival following breast cancer. the long
island breast cancer study project [J] . Environ Health
Perspect, 2018, 126 (4). 047013.

[39] SPRAGUE BL, TRENTHAM-DIETZ A, HEDMAN CJ, et al.
Circulating serum xenoestrogens and mammographic breast
density [J] . Breast Cancer Res, 2013, 15 (3). R45

[40] DONAT-VARGAS C, AKESSON A, BERGLUND M, et al. Dietary
exposure to polychlorinated biphenyls and risk of breast,
endometrial and ovarian cancer in a prospective cohort [J] .
BrJ Cancer, 2016, 115 (9). 1113-1121.

[41] WIELS@E M, KERN P, BONEFELD-J®RGENSEN EC. Serum
levels of environmental pollutants is a risk factor for breast
cancer in Inuit. a case control study [J] . Environ Health
2017, 16 (1). 56.

[42] YANG O, KIM LH, WEON JI, et al. Endocrine-disrupting
chemicals. review of toxicological mechanisms using
molecular pathway analysis [J] . J Cancer Prev, 2015, 20
(1). 12-24.

[43] NEWBOLD RR, JEFFERSON W N, PADILLA-BANKS E. Long-
term adverse effects of neonatal exposure to bisphenol a on
the murine female reproductive tract [J] . Reprod Toxicol,
2007, 24 (2). 253-258.

[44] KIM YS, HWANG KA, HYUN SH, et al. Bisphenol A and
nonylphenol have the potential to stimulate the migration
of ovarian cancer cells by inducing epithelial-mesenchymal
transition via an estrogen receptor dependent pathway [J] .
Chem Res Toxicol, 2015, 28 (4). 662-671.

[45] YONEOKA Y, YOSHIDA H, ISHIKAWA M, et al. Prognostic
factors of synchronous endometrial and ovarian endometrioid

carcinoma [J] . J Gynecol Oncol, 2019, 30. e7.

[46] LIR, YU C, GAO R, et al. Effects of DEHP on endometrial
receptivity and embryo implantation in pregnant mice [J] . )
Hazard Mater, 2012, 241-242. 231-240.

[47] CHEN Y, HUANG Q, CHEN Q, et al. The inflammation and
estrogen metabolism impacts of polychlorinated biphenyls
on endometrial cancer cells [J] . Toxicol in Vitro, 2015, 29
(2). 308-313.

[48] HELMESTAM M, DAVEY E, STAVREUS-EVERS A, et al. Bisphenol
A affects human endometrial endothelial cell angiogenic
activity in vitro [J] . Reprod Toxicol, 2014, 46. 69-76.

[49] BROMER JG, ZHOU Y, TAYLOR M B, et al. Bisphenol-A
exposure in utero leads to epigenetic alterations in the
developmental programming of uterine estrogen response
[J].FASEBJ, 2010, 24 (7). 2273-2280

[50] REICH O, REGAUER S, SCHARF S. High levels of xenoestrogens
in patients with low-grade endometrial stromal sarcoma--
report of two cases [J] . Eur J Gynaecol Oncol, 2010, 31
(1). 105-106.

[51] PARK MA, HWANG KA, LEE HR, et al. Cell growth of BG-1
ovarian cancer cells is promoted by di-n-butyl phthalate and
hexabromocyclododecane via upregulation of the cyclin D
and cyclin-dependent kinase-4 genes [J] . Mol Med Rep,
2012, 5(3). 761-766.

[52] EL-HEFNAWY T, HERNANDEZ C, STABILE LP. The endocrine
disrupting alkylphenols and 4, 4'-DDT interfere with
estrogen conversion and clearance by mouse liver cytosol
[J] . Reprod Biol, 2017, 17 (3). 185-192.

[53] WANG W, CRAIG ZR, BASAVARAJAPPA MS, et al. Mono-
(2-ethylhexyl) phthalate induces oxidative stress and
inhibits growth of mouse ovarian antral follicles [J] . Biol
Reprod, 2012, 87 (6). 152.

(RXREE: TR, HiE: THER. & BRFHE)

www.jeom.org



