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Many endogenous and xenobiotic compounds are substrates and regulators of human placental ABC
transporters. ABCG2 is protecting fetus against foreign chemicals. Environmental xenocestrogens, like
bisphenol A {BPA) and p-nonylphenol { p-NP), mimic natural estrogens and can affect hormonal systems.

Effects of BPA, p-NFP, DES (diethylstilbestrol) and estradiol (E2), on ABCG2 expression were studied
using human first trimester and term placental explants. Role of estrogen receptors (ER) in the effects of
chemicals was studied by ER antagonist.

Term placenta expressed less ABCG2 protein. In term placentas BPA (p < 0.05), p-NP (p < 0.01) and E2
(p = 0.05) decreased the ABCG2 protein expression after 48 h exposure while after 24 h exposure, only E2
decreased the expression (p < 0.05). The chemicals did not affect ABCG2 in first trimester placentas. The
ER antagonist affected differently the responses of chemicals.

Endocrine disruptors
Xenobiotic transporters

1. Introduction

Human placental ATP binding cassette (ABC) transporters
facilitate the transfer of wvarious compounds, both endogenous
compounds and xenobiotics, through membranes maintaining
pregnancy and normal fetal development (Hutson et al., 2010;
Vahiakangas and Myllynen, 2009). ABCG2 is an efflux ABC trans-
porter localized in the apical brush border membrane of

Abbreviations: ABC transporter, ATP-binding cassette transporter; ABCG2, ATP-
binding cassette sub-family G member 2; BCRP, breast cancer resistance protein;
ATP, adenosine triphosphate: BPA, bisphenol A: DES, diethylstilbestrol: E2, estra-
diol: EDC, endocrine disrupting chemical: ER-#, estrogen receptor alpha: ERR-y,
estrogen related receptor gamma: GPER, g-protein-coupled estrogen receptor: h(G,
human chorionic gonadotropin: ICI 182780, fulvestrant (antiestrogen): p-NP, pana-
nonylphenol.
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In conclusion, environmental xenoestrogens downregulate placental ABCG2 protein expression
depending on gestational age.

syncytiotrophoblast in human placenta (Maliepaard et al, 2001; Ni
and Mao, 2011). ABCG2 transfers a large variety of compounds and
has been shown to protect fetus against foreign chemicals present
in maternal circulation (Hutson et al, 2010; Ni and Mao, 2011).
Furthermore, inhibition of ABCG2 has been shown to affect the
transfer of chemicals in human placental perfusions leading to
increased materno-fetal transfer of drugs and environmental toxins
(Myllynen et al., 2008; Pollex et al., 2008).

Sewveral factors affect the expression and function of ABCG2
during pregnancy. In humans ABCG2 is expressed throughout the
pregnancy with lower expression in term placenta (Meyer zu
Schwabedissen et al.,, 2006), although some controversies exist in
the literature (Mathias et al, 2005; Yeboah et al, 2006). Genetic
polymorphisms affect the expression and function of ABC trans-
porters, and hence placental fate and permeability of compounds
(Hutson et al, 2010; Ni and Mao, 2011). In addition, ABC trans-
porters are regulated by other factors, like hormones, growth fac-
tors, nuclear receptors and transcription factors, cytokines, oxygen
tension and epigenetic factors as well as pathological conditions



(Eveeendn e al, 2007; Hutson et al, 2010 Lye et al, 2013; Mathias
el al, 205, Meyer ru Schwabedissen e al, 20086, Ni and Mao,
201 )L Xenobiotics may also modulate the expression and Tume-
o of brandgpaorters (Arias e al, 2004; Dankers e al, 2003 ; Hanet
el al, A8 although there are very lew studies @nceming -
man placenta {Huslonen et al, 2003; Prowillac et al, 20097

Encocrine disruptng chemials (EDCs ) are defined a5 chemials
lesing bdological ly active in the endocrine system with an eflect on
mormal endodaine system and ils regulaton (Robins et al, 2041 ;
Welkhons e al, 2005) People are increasingly exposed 1o EDCs
through environment during their whale likespan (Robins et al,
201 Bodhesver, 200 3], major exposene sownces being lood, waber
and plastics. Dese-response curves of EDCs often dilfer om oon-
venlional todoologial dose -response curves, and they have been
shanwn 1o have significant efTects already with low emvimonmental
aoece nur ations (Welkhons et al, 20031 Some of the efacts may
indure scule responses while other effects emerge later in like
leading, for instance, o a higher susceplibility to cenain health
disorders and even caneer (Rochesier 20M3; Vahakangas, 2041;
Wl hons e al, 2003 | Human pladcenta i a hormonally regulsted
endocrine organ and ils development and hmction may be nega-
tvely affeded by EDCs (Robins et al, 20110

Bisphenn] A (BPA) i produced mainly by plastic industry and
knenwn 1o leach signifianly fom consumable  plastiowans
(Fochester, 2013) Para-nomd pheno] (p-HP) i used edensively
surfactant in indwstry (industrial detergents, synthesis of pesti-
ddes) (Chen el al, 2008) Both BPA and p-NP. are known Lo cnss
Tueman plecenta { Balakrishoane tal L, 2000; Mordk etal, 20007 They
have been detected in blood samples of pregnant women (BPA
=311 ngfml p-NP 568 ngfgl in letal serum (BPA 22-2.3 ngfml, p-
NP 295 ngi'g) and in placenta (BPA 127 ngig) (Gaoet al. 200 2; Chen
el al, 2008; kerukd e al, 2002; Schonfelder et al, 2002 ; Fhang
el al, 2011 ) Diethybtilbestral (DES) is a synthetic nonstenidal
estrogen presaribed in the past o pregnant women o aaid
adverse clinical outcomes during pregnancy bul was ound Lo be
eratogenic and Lo cuse cancer in pllowing gener ations { Hil akivi
Oarke, 2014) XKenoestrogens can allect many placental fundions,
excretion of human placental hormaomnes [Bechi e al, 2046 2013,
Fobinsg e al, 2M1) implantation and placentation in mice
(Tadhibana et al_, 2AM07; Takai et al, 2000 and ABRC transporters in
luman placental chorocarcinoma Ik (Hinskonenetal, 201 3; Jin
and Audus, 2005 ) However, very little is cumently known of the
effects of BPA and p- NP on human placenta

The aim of this stuly was Lo determine the elfecs ol xenoes-
ragens, bisphenal A (BPA L parg-nomy lphenal (p-NP) and diethyl-
stilbes tro] {DES)L an the ex presion ol ABOG2 trans porter inthe fist
trimester and term human placenta wing chomonic villows explant
TR

L Materials and methods

This sty was @nducted a5 a collaboration betwesn the lab-
arabories of the University of Siena, Raly (st rimester placental
culiwres, protein and hOG analysis of those samples L and the Uni-
versily d' Ouhe, Finland (lerm placental cultwres and all anahsis

Bisphemo] A (BPA, CAS registry number: 80-05-7 L par-non-
yiphenal (p-NP, CAS registry number: 10d-30-5)1 diethyltilbestral
(DES, CAS registry number: 56-53-1, a known teratogen and uwsed
for comparison in this study (Hilakivi-Clarke, 2004) ) 17-Estradial
(E2. CAS registry number: 50-28-2 used a8 a pasilive contmol Tor
estrogenic responses) and K 182780 (ER antagonisl. alko called

Fuhves traml, CAS regis try numibeer: 12945361 -8 ) were all punchased
from Sigma (Sigma—Aldrich, 5L Lowis, MO, USA or Seinheim, Ger
manyl  Shmlied chemicalk  share  Struoctural s L tes
{Suppementary Fig. 1) Ethamno] (EvDH) was used a5 2 solvent ks all
oo pond .

22, Huwman fist trimester and term placenial villme expland
auliures

Alogether 16 first rimester placents (number of placentas
used for dilferent treatments and time points varies om 3 Lo 10
e tvee e excpeerimenls, or delails see fgures) and 8 term placentas
{moumm e r ol pl scentas used for di lerent treatments and time paoins
varies from 3 1o 4 belween experiments, Tor delails see fzunes )
wene used in this s hudy. Placentas were oblained with the approval
al the local ethics commiltess in Siena (Siena, Maly) and the
Maorthern Ostrobotnia Hospital District (Ouhe, Finland ) Yohimtesrs
dlomating Uheir placenias Tor the study signed an infommed consent
Firsl trimester placentas were colleded only in ltaly alter elective
termination of pregnancy al the Obstetric and Gynecology Divi-
sion, USL 7, Hospital, Campostaggia, Siena, ltaly. The first timester
placentas wers belween 7 and 9wesks of gestationage. A kw Lemm
placentas were also collected in lLaly 1o compare the &xpresion
levels of ABCG2 in first trimester and term placentas. Full-term
placentas, 1o study the elfects of xenoestrogens on ABCG2 ex pres-
sion, were collected afer elective caesarman sectbon mom the
Department of Gynemlogy and Obstetricy University Hospatal of
Ol Finland. All collected placentas in Finland were from healthy
na-smoking mothers. Placentas were handled anonymous]y.

Placental explant cullures were done amonding Lo previously
jprulbelishesd Stuchies {Caniggia el al, 1997 L Placentas were Laken inlo
labor atory in ookl PES or HESS saolution within 2 b For the explant
ol tures first trimester placentas wers used a3 a whale while anly a
oouple of small cross-sectional central pieces near wnbilical cond
wene Laken From bermplacnas The lisues wers washed with oold
PRE and sectiomed wnder §tenso microsapee 1o Separate Uhe villous
lor ancdves. From villus trees. Selected fagments rom G pbranches of
villi weere putl into wells of 24-well plates (one explantfvel 1L Cul-
ture mediom was DMEMFI2 -meditm Fee of phenal red and
serum bt induding L-ghotamine {(Giboo, Invitrogen) and Supple-
menbed with 13 antibdobics { pend d llin-stre ploamycin, Eumclone ]

In Moating cultures. (both first timester and term placentas )
S0 pl ol medivm was pat inbo well with anex plant A Rer overnight
bt on in aninaubator (a1 37 «C, 955 airf 53 carbondiosdde | old
meditm was replaced by exposure medivm Control sample (trip-
licate) wers vehicle treated (1% ethanol in every well]l Explants
wene expasead Lo @ither 1 nM or 100 nkM of BPA, DES or p-NP
triplicabes. As a pesitive contmol o estroge mic responsdes, ecplants
wene expsed ko o 1 nM E2 alone To ses possible synergistic
effect of chemicals with estradiol, explants were expased 1o the
oom bination of E2 and BPA, p- NPor DES (eachat 1 n® L Inaddition,
term placenial explants were exposed Lo Uhe antiestrogen fulves-
trant (K1 182780, 100 n ) alone or inoombi nation with each of the
studied dhemicalk mentioned above (1 nM)L Explants lor each
exposune within the seres (control xenoestrogens, estradial,
antagonisl) were Laken om the same placenta and cultured a5
triplicates. Explant were exposed for 24 hor 48 ho

The hunction and the endocrine inegrity o all culiwred explants
were analyred by masiuring the concentration of lhuman chotonic
o dobropin (DG ) From culbwre mediem. Mexiurement was done
aoconding Lo the ins tructions of the manufscturer of the wsed kbt (f-
h{G IEMA Well Radim, Pomesia, Raly, or h{G + beta ELISA, IBEL
Intenational GCMBH, Hambwrg CGermamy]l OD values were
measured by ELIEA reader (Dynex Technologies MEX TC Revels-
tion] al the wavelength of 405 nm Resulis of the samples were



et ol vesel ki ngg e lernal standands and proein concentrationd
23, RNA extradtion and real time-PCE

Total RHA estraction from explant cullures was done with a
commercial ENA estradion kit iRI'i-u.Iz.'_l,l" Plus Min kb Qiagen,
Hilden, Germany) scmnding to the instructions of the manufac-
turer. Brielly, explants were @lleded and three sxplants wene
peocded. AT she s were performed al moom bem perature and all re-
apens wied were provided by the kil Bx plants were homiogenined
inta BTL® bufler containing 1% feomencapiosthans] and BMNA pro-
lecting agents using glass homogenicer or ceramic beads contain-
ing Magna lyser tube s (Magna Lyser Green wbes, Roche Diagnostic
GmbH, Mannheim, Germany)]l When wming lubes conlaining
ceramic besds, explants were homogeniosd by Magna Lyser
{7500 rpm at 44 )L To exract ENA, haate vwas centrilfuged and
wathed several times with dilferent bulfers using dilferent fler
spin cohemns. Finally FNA was eluted from the cohemn by sterle
RMAase free water and stored at =70 <0 ENA concentrabions wens
determined by NamnoDrop M- 10005 pactropholometer. Duwe bo the
low ENA @ntent in the amples, a8 much BNA a8 possible was
Laken into readion mixiure o be converted into cDMNA. A com-
merdal kit (High Capacity cDNA Reverse Transoription laL Applied
Bindhem, Foster City, CA USA ) was wsed Tor reverse tramscriplion

(uantitative real time-PCR analysis was used o analyse the
ARCG2 mRNA expresion. Anahsis was done ming TagMan
chemistry and a commencial kit supplying master mix for Uthe re-
actions (FastStan Universal Probe Master (Rox) Rodhe Diagnostic
GmbH, Mannheim, Germany)l The used primers (Torveard and
reverse) and the Muomgendc probes (Supplementary Table 1) wene
purthased from Sigma Samples were analyeed by the 7300 Real
Time PCR System (Applied Bimystens | Resulls were normal ioed
with 185 mRNA. Samples were analy®d s duplicates and a reac-
ticrn wei ool bempilate a5 negative conbrol Resulis were anal yoed
by the amparative O {222 methad.

24, Pratdn extradion and immuno blatting

Total protein Factions were exiracked hom Gswe explants o
previously desoribed (Bechi et al, 20007 Explants were ool lecbed
inta i colkd FAPA homogendeation buflfer (S00m Tris-HCOL 150mM
Hall; 1% Tron x-100; 15 Na-Deoxpcholate; Q1% 508 pH 25)
supplemented with protesxie inhibitor cocktail (Fom Sigma or
Complete EDTA-Free Fom Roche Diagmostics GmbH, Mamnheim,
Germany) and 01 mM Na-onhowanmadate (Sigma)l Explants wens
homogenized on ice with a glass homoge nizer or by wming Magna
Lymer Homogenabes were cenbrifuged before conentraling supser-
natants by hophilization. Samples were resolubilized into ice colkd
PRE and stored at - 70 Prolein concentrabions vwene determined
by Bradflord analysis. The exposed triplicates of the same placenta
were paodded For one sample belone e iraction o gel enough sample
Tor anahysis.

Immumobloiting was pedormed a8 previously described
(Myllynen el al, 2008 ) Details of the wed immunoblofing pro-
tocol are listed in Supplementary Table 1. Protein samples
(20=50 pg of prolein) were incubated in sample buffer (with
150 mM DTT) at room bem perature al least ke 200 mine Samples
were run inla 75—10E SOS-PAGE gek in electrophoresis at 200 V
Tor A0—90min. Probein standands were used 1o see separation and
marlecular sizes ol the protein band< Proteins were transherrad inlo
methana] pre-treated membrane by blolting. Membranes wens
washed and blocked at moom temperature for 1—3 h befre anti-
bady treatments All antibodies were diluted in TES BPS-T with
05—5% milk poveder depending on the antibody. Primary antibody
Tor ARDGS transparter was AROG2 {1 : 50001 000 dilution; clone BXP-

21 Al Biodhemicals or the same clone om hemicon Inber-
national/Millipore, Temeola, Galiforndia, USA)L Anti-mouse G
{12 1000 2000 i lution; v, Gell Signaling Technologies) was used
i the secondary antibady. Detedion of protein bands was pser-
Tormed by mmmercial chemiluminescent kils Membranes wens
strip-was hed iTmaore than one prolein was analyzed from the same
membrane. Intengities of the proein bands were quantified by
CruantityOmne-saltware (BI0-RAD Hercules, CA, LSA) The exdent of
proteEin loasding on mem branes was analyeed with losding contmols
and the deeded intensities ol analyred ARC transporier probeing
were normalized bo the loading contrals. In addition, all the am-
ple s were com pared Lo the control samples of their own dala seres

25, Saricdaml analysis

[hata was analyzed o be normally distribaged by SPSS using
Shapiro-Wilk test {p = 0U05) for normality and visual analsis of
graphics. For s1atis tical analys s vari anoes betveeen di Ferent groups
of independent samples were analyeed by One-Way ANOVA IT
Lheere weer e slatistical by significant dilferenoes in varianoes belveen
the groups, the r-test was used a5 a test for sLatistical significances;
othe rwise One- vy ANOVA (Tukey a5 a2 past-hoc test) was used (Tor
details of used vest for each experiment, see igure legends) Data
are presented a5 mean + standard deviation (S0 and  the p-value
oS mnsidersd a5 stbistially significant. IBM SPSS sialistics
saltware (version 19) wat wmad Tor the calanl stions.

3. Results
3.1, Expression of ABCG2 protein in human placenta

Allhuman placental explant tisswe samples, both first brimes ber
and verm, expressed the ABCG2 transporter protein (Fig 2] Thene
was interindividual varation in the expresion of ABIGZ. Term
placentas expressed statistically significantly less ARCG? protein
than first rimester placentas (p = LO3)L

32, Efect of bisphenol A an the exprestion of ARCG? mRRA and
pradein in fisl frimester and term placental explant aillires

BPA had only minor elfeck on mENA expression of ABDGL
However, after 24 h in term placentas, BPA demessed the expres-
sion ol ARDG2 mANA with both of the used concentrations and the
effectol 100 nk BPA was statistically significant(P < 0035 (Fig.3AL
E2 alone o in ambination with BFA did not have an elled on
ABOGE mRENA expression. Aler 48 h BPA or E2 did not have s1a-
tistically significant elfeas. bn the st trime ster explants BPA or E2
alone ar in avmbdnation did not change ABCC2 mBENA expres s on
after 24 h or 48 h {data not shown)

In term placental explants, 1 nM concentration of BPA (P« 05)
downregulated the expregion of ARCGE protein  stalistically
signifcant]ly after 48-h exposure (Fig. 30 Higher concentration of
BPA (100 ni ) dlid not have significant effect on the ABRCG2 protein
expregion in any sudied me poinl E2 alone decressed the
e pregion of ABCG2 protein (Statistically significanfy, P < R05)
bath after 24 and 48 b Combination of BPA and E2 did not have
significan &lects on the expresion of ARCG2 and no synergism
W S

I thee first trimester explants no statistically significant e fecis
&ither by BPA or E2 alone or by their combination were: $een al any
stuchied time paoints (Fig. 381 All explant cultures (first trimester
and term) released f-hiG. There were no statistically significant
difTerences in hDG releaxse betwesn the cullures treaked by the
chemicals compared o the untrestsd antrol cultures (data ol
hansn L
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131 The gffeds of para-nanplphenol and disthyls §lbestral on the
expressian ol AROG2 in first trimeester and lermm placenial explant
auliures

I the verm placental explants, p-NP decreased the expresion ol
the ARCLY protein at 48 h, especially exposure i 1 nM p-NP
aring statistically significant decreate (poc 00 ) (Fig- 4B] Aller
the exposure far 24 h the stlied chemials displayed no statist-
aally significant effects E2 alone decrested the expresson of the
ABOGZ protein at both time points (P« 0U05) Addition of E2 in
apmibination with either DES ar p-NP did not have an e Fact on the
e ponees Mo statistically significant el were seen by studied
chemical on ABCG2 mBNA levels (data not shown)

I the first trimester explanty chemicals (BPA, DES ar p-NP) or
estradial alone or in combination did not have statistially signifi-
ant efects on the expresion of ABOG? mBNA or protein al the
studied time points(Fig 4A) The release of FhiG was deteded in
all explants cultures and there were no stalistically significant
differences between te oltures treated with dilfersnt sty
chemical compansd 1o the contral cul tures {data not shown)

1d The reversion of xenoestrogen induce! AROGE downregulaSan
by ER anlagonis! in term placentos

The edtrogen recpor (ER) antagonist fulvestrant ()0 182780)
wers used 1o danly whether the efects of chemial on AROG2 are
mediated via ER. The antagonist alone caused no statistically sig-
mificant elfect onithe expresion af the ABCG? protein(Fig 5) BPA
(p < OSL p-NF (p < @I1) and E2 (p < 005) decreased the

expredgion of AROG? after 48 h o previoasly shown E2 when
added in combination with chemical, reversed partly the effect of
BPA and p-NP. The antagonist afacted the responses of BPA, E2 and
p-NP on ARCG? implying invohement of ERs in actions of these
chemicals The efect of DES on ABOG2 protein was nol Sgnificant
and the antagonist did not alled the efTecs of DES

A DMsowssion

This i the frat study showing downregulstion of AROG2
transporter protein by envimonmental xenoestroge s, bisphenal A
ans para-nonyl phenal, in human placenta 1t veas alresdy known
that plysialogial changes, such . syneyti alica Gonfdiler entialtion
and the amount of endogenous hormaones like estradial and pro-
e berane, allect the expresion of the ARC fransporters in himan
placenta (Eveeenko et al, 2007 ; Yashwanth et al, 2006 ) Howe ver,
data in the literatre are controversial and forther studies are
nesded 1o determine the most important fators behind the
dilferenas

Amonding o the literatre, very little i known al the efects of
estrogen and xemestrogens on the expression and function of
ARCGD. and data vary between the individual tisoes and the
models used (Table 01 Previously, BPA has been shown o down-
regulate AROGY expresionin blood brain barder of rat {Nicke ] and
Mahringer, 204 ) but there are no published stulies about the ef
feats inplacenta and mothing of the e Fects of p-NPan ABOG2. Inowr
study, both compounds downregul sted ARCG? expression in ha-
man pacent. Diethylstilbestral (IKES) did not have a significant
effert on ARCG2 expresion in luman placenta in our study. Pre-
viously in the literature DES has been repored to decrease the
AROGD perobei n escpression in hirman bresst canoer cells (Tmai et al,
20051 It has besn Band that estradiol downregulates ARG
jpersbei i e an pla centa (Wang e L al, 2006 2008 ) a5 s&en also in
our study. Contradictory studies however exist( Tabde 11 The e Fact
af the downregulaton in transporter ex pression on sctual transker
ar sccumul ation of compounds, nesds to be confirmed in future
studies.

W lound the elfeds of xenoss trogens an the ABOG2 tramsporter
al prodeEin kevel while mPNA ssemed o be mostly wnalected This
agrees with the notion that the regulation of ABIG2 is post
bransor plional, al least b0 some @xltent, a5 reporied by Imai et al
(20050 However, some papers have repored downre gulation
alsa st mENA levelin human placental (Wang et al, 2006, 2008 ) or
breast cancer cells { Honoral et al., 2008; Fhang et al, 2006 On the
cantrary, Zhang el al (20046 reported tramerptional indudion of
ARCG2 by estradiol in human breast ander celle n our gudy the
effects of chemicals on AR transporier expression were mare
prondimcad and corsis bent alver konger exposwne (48 h) a8 reported
alsa by other stidlies (Evseenka et al, 2007, Yasuda et al, 2006,
Wang el al. 2006]) This may be due to the long hall-lile of the
ARC transponters a5 well as posttrans lational modifications (lmai
el al, 2005

The basal expression kevel of placntal ABCG? transporier pro-
tein differs during gestation and our resulls showing loveer
expression of the ARDG? probein in Erm placental explants
compared to st timester placentas are in line with the previous
sty in the lieratune (Meyer o Schwabsedisen o al, 236 In
addition, a dependency of res ponses on gestational age was s=enin
our study, which may be due o varation of aygen tension, st
trimester placenta being wunder lower oxygen tension than tem
placenta (Schneider, 20111 In the literature, hypoxia has been
shown Do indexs the proein expresion of ABCG2 while the
mENA expression ol ABRCG2 was decreased in luman first timester
placental explants (Lye e al, 20M3) Oxypen tension did not
significantly affect the expresion of ABIG2 in term placentas



A Ters BRNA {lavam et al, 2014) Thus, the higher basal expression of ABCG2
protein in Bt timester placentas may partly mask the responses

- ol dhemical comparsd 1o lerm placenta Also the hommonal stalus
E‘ changes during pregnancy (Hill et al, 2014) & estradiol conoen-
tration (1 nk) in sl tdmester placenlyina exses lowands the tem

trimester (=50—100 nM) (Fleary et al, 1991 ) Differences in hor-

manal stalus may alfect the responses However, the amncentra-

tions of xenoesmogen wed in this study omespond  with

ooncentrations mesiurad om biological Nuids, such as maemal

b
Lo
i

L

Faldd ABCGE mBENA expressisn

! serum) plasma, umibrilical cond serum [plasma, amniotic and ovarian
= = Tollicular Muids, during pregnancy (Cao el al, 2012; Chen el al,
2008; kezuki e al, 2002; Schonfelder et al, 20{2; Fhang el al,

a1 4 2011 ) and thus represent adual exposure concentrations during
pregnandy. Besponses of chemicals were s=en mainly with lower

ooncentrations, which may be due b an inverted, U-shaps dose-

iTe responte  ourve ommon for estrogens and  senoes brogens
Comird IMMIFA MM BPA  IDME BB (Wandenberg et al, 2009, Welshons et al, 2003) Hene: smaller

ooncenlrations may cise sironger respomes and make low dose

B Firt i efTects of chemicalh more Significant 2% seenals in this study. Liw
= 2k and emvimnmental dose elfeas of xenoestrogens diller in this
48h sende from conventonal toxicological eMacts and they are espe-

[
=
|

cially relevant when considering placentl and prenatal exposwne
during the sensitive time of pregnancy.

Medhanisms. of action for xenoestrogens in ssues are under
research. DES, p-NP and espedally BPA have been shown toact via
several reeplons, inchuding the egrogen receptors (ER-agffL
estrmgen-related receplor gamma (ERRE-v) and g -probe in-coupled
estmgen receplor (GPER) depending on the study and Largel lissue
[ Gowte el andd Westendaorf 2001 ; Morice el al_ 2001; Takayanagi
e al, 20 Vandenberg et al, 204049) Placental expresion of
these recepiors varies during gesation (Fujimoin 21 al, 2005
Morice el al, 2001 L Based on our réesulls it is lkely that ERs are
= e iy -5 imvolved in the ellects of BPA and p-NPF on ABCG2 in e rm placenta
Al this point, only limited and partially controversial information
on mechanism of sdions of studied chemicals @an be kund in
liveratune suggesting dilferences be tween species and oell types in
the regulation of ARDG2. The sctions are probably Gsue- and
Spacies-specilic acting via dillerent reeplos with or without
speecilic coadivabors in vitm and in vivo (Routledge e al, 2000
incluling genomic and non-genamic me dhanisms, depending alko
on the conentration (Vandenberg et al, 20091 The binding of
variows a-activatons to ERs or binding to various receptors paob-
ably determinates whether xenoestrogens 500 a5 agonists of an-
Lagonis 15 in dlillEerent tissues (Foutledge of al | 2000) Changes inthe
e e ion level s o re o plors during pregnancy, may atleast partly
cawse the differences in the reponses 1o chemicals al different
gedational stages and alo between individuals. Higher recepior
expresionin m placents (Fujimoboe Lal, 2005 ) passibly @ nables
stronger respoimses by chemicals acting via them

Human placenta has undgue anatorny and fundion com paned 1o
those of other species (Myllynen et al, 2007) Human placental
charionicvillous explant cultures mimic the invivo Sl Gon beller
than placental oell lines because the paracrinic relations. betwesn
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dilerent cells remain more intact in exxplants. n addition, by wing al xenoesrogens and chemicals, especially as bo weak esirogenic
explants place nta can be Sludied at diferent gestational age (Miller responses (Immanen e al, 2009 Carelful condideration of study
el al, 2006 Seledion of the study model a well a5 el culture dlesign many improve Lhe use olin vitro me thods in chemical tosgcity
o o may harve significant efects on the detacted ne sponges lesting, indd udi ng reproductive toxioodog y. Anaother challenge in the
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case of ologial material is the high inte rindividual variaton Seen
aba in owr resulis. For instance, genelic polymorphismes of ARC
transporters increxse the varaton of molecular &Fects of com-
peouned s amoneg indivicheal 5 {Huwtson et al, 2000 N and Mao, 20111

5. Comclusdons

Our study @nfinms the earlier indings by other groups that
human term placenta expresses less ARCGY protein than fist
trimester placenta The envirommental xenoes trogens, BPA and p-
NP, dowenreg ulabed Uhe protein expression of the human plaeental
ARDG2 protein in term placenta, while they did not have any effact

amn first trimester placenta The meduanisms of action of these twao
chemicali may differ. However ERs appear bo be involved in the
effects of both, BPA and p-NP. The information provided Iy the
study it important because nothing was kovover im Uhe Dibera bore gy
vt absot Uhee role ol xenoe strogens on Uhe ex presion of human
placental ABOGZ which is important for transport of endogenous
oompounads, like nutrents, and protedion from xenobiotics, sudy
a5 drugs and cardnoge .
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