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ABSTRACT

Bisphenol A (BPA) and para-Nonylphenol (p-NP) are chemicals of industrial origin which may influence
human reproductive health. The effects of these substances in the prenatal life is an important topic that
is receiving greater attention in the developed countries. In this study, human trophoblast cells HTR-8f
SVneo were exposed to BPA and p-NP (1 x 10-'5, 1 10+, 1 10-", 1x 10-° and 1 x 10+ M) and incubated
for 24, 48 andfor 72 h then, examined for the main physiological processes which characterize the
extravillous trophoblast. Cell proliferation showed no changes while the processes of cell migration and
invasion were both reduced by BPA and p-NP. For each chemical, the activity was higher at lower con-
centrations with a maximum activity between 1x 10-* and 1= 10-"" M (p < 0,05 for 1 10-% and p < 0.001
for 1 10-'" M). Co-culture studies with human umbilical cord endothelial cells (HUVEC) revealed that
trophoblastjendothelial interaction was significantly reduced by p-NP at 1 10-"" M. Moreover, both chemi-
cals were inducing differentiation of HTR-8/5Vneo toward polyploidy by the process of endoreduplication.
The estrogen-receptor antagonist ICI significantly reduced p-NP action, while it had no effect on BPA treated
cells. In conclusion, p-NP and BPA act on trophoblast cells altering key physiological processes in pla-
centa development. The exact mechanism of action of the chemicals in human trophoblast still needs

o he clarified.

1. Introduction

Placenta is the fetal organ interposed between the fetus and the
mother which provides transfer of nutrients, gases as well as waste
products, the secretion of hormones and acts as an protective
immune barrier between the mother and the fetus (Gude et al.,
2004). Because of its strategic location in the uterus, this organ is
the link between environment and the fetus. Thus, any potentially
harmful substance coming from the environment may have a neg-
ative effect impact on this organ. Maternal contamination with
environmental substances may occur by cutaneous absorption, by
ingestion of either contaminated food or water and by breathing
contaminated air (Caserta et al., 2011). Among the environmental
substances potentially contaminating pregnant mothers, Bisphenol
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A (BPA) is receiving increased attention due to its negative effects
on humans’ health (Rochester, 2013). Despite that, BPA is still largely
used in drinking glasses, food-storage containers, the lining of food
beverage containers, dental sealants, medical equipment, tubing and
consumer electronics (Vandenberg et al., 2007). Another potential-
ly hazardous chemical is p-Nonylphenol (p-NP), a metabolite of
alkylphenol ethoxylates used as surfactant in the manufacturing in-
dustry and present in detergents, paints, pesticides, personal care
products, and plastics (de Weert et al., 2008). Many reports showed
that BPA and p-NP affect different human reproductive processes
including increased incidence of infertility, genital tract abnormali-
ties and carcinogenesis in estrogen-sensitive tissues (Fowler et al.,
2012; Sharpe and Skakkebaek, 1993; Skakkebaek et al., 1998;
Sonnenschein and Soto, 1998). In vivo studies showed that expo-
sure to BPA determined prostate and mammary cancers, earlier
puberty, morphological changes in the ovary, uterus, and vagina,
disruption of estrous cyclicity, body weight problems, alteration in
the mammary gland (Howdeshell et al., 1999; Markey et al., 2003;
Munoz-de-Toro et al., 2005; Nikaido et al., 2004). Studies in rats
showed that exposure to p-NP increased calbindin-D9K mRNA ex-
pression in maternal and neonatal uteri and interfered with estrous
cycle and pubertal onset (Hong et al.,, 2003, 2004; Kim et al., 2002a;
Nikaido et al., 2004).



Much wark has Deen done in the 1ast decade in oar laboTarney
Lo investigare the effec of these Two substances on human placen-
La. In particular, by using BeWo rrophoblast ol line and a primary
model of chorionic villous explants, we demonsirated thar both
rhese subsrances, B and p-MF, inmeased the secrerian of the Cho-
rignic Gonadomrogin (#-hCG), the fondamental hormane in hman
pregnancy (Bechi et al, 2008, H10). We also reported that p-NP
arvery low levels, ranging from 1 10r™ oo 1= 107 M, was able 1o
alwer placental secrerion of CyToines mainky, GM-CSF and IL-10,
owa key mediators for normal placental development and fetal
graowth (Bechi et al, 2010} p-NP was also induding mophoalast
differenriation and cell apoprasis with a higher potency than 17¢-
estradiol (Bechi et al, 2006). In collzboracion with a Danish group,
Using dual perfasion SysTem, we also demonsirared thar B is
rapidly transterred across a placenta cogyledon (Morck et al,
10}

Trophobilast cell migrarion and imvasion in the maernal issues
are pre-requisites for normal embryo implancation. Thess pro-
CES5ES EiVE Tise [0 severdl e ravillous rrophabilast (EVT) subgypes
that mowve deeply into the decidua up to the spiral arweries. The in-
vasion of mophoblast ineo the urerine Swoma does ot ooour beyond
the decidua and the first third of the umdeThying myomerrium. The
process suops when these cells dilferentiare inm polyplaid celis oy
endoredoplicamon hus forming te mophoblass giant cells {Bischol
and Irminger- Finger, 2005). Failare in EVT difleTentiation is asso-
ciared with several comiplicarions 1o pregnancy induding miscarmiage
{Erton et al, 2010; HusGn er al., 1990), flacenta aoe (akrabary
er al, 2002), pre erm birth (Kim et al. 2002h), preeclampsia and
fetal growth restriction (Burmon and [auniau, 2004; Khong et al,
198E; Sibai et al, 2005}

HieTein, using te HTR-8]5wmeo cell line originally generaced from
villous explanrs ar early pregnancy (Graham et al, 1993) and widely
wsed ™ model the physiologecally imvasive BVT [Irving ex al, 1995;
Takao er al, 201 1), we imvestigzied whether e posure 1o BPA and
P-NP aflects the behavior of these cells analyzing the main physi-
piogical prodesses which Characerize the exmavillous mophoblast
pathway e.g. rophoblast prokiferamon, invasion, migraan aswell
as its ineracrion with endochelial cedls and difenentiarion ino paly-
ploid giane cells.

2. Manerials and methods
21, Chemicals

BFY, and p- NP were purchased from Sigma Aldrich {Sigma Chem-
ical Co, Sr. Lowis, MO} Borth compounds were dissolved in 100
ethanol and stored in glass CONIMETS 21 TODNM [EMpPSTaure. Smok
solurians were appropriatety dilured with the oulmre medinm jus
before their use o7 TE3rment on cells.

22 HTE-5SVneo cell freatment

HTR-BjSVneo cells, kindly provided by Dr. Charles Graham
{Queens University, Kingston, Canara), were cultured in RPMI 1540
medium without phenol red (Sigma Chemical Co) supplemented
with 5% fetal bovine serum (FBS) (Biochrom, Beriin, Germany),
100 Ujml penicillinsorepromycin, and 2 mM glutamine {Sigma
Chemical Co) (complete mediom ). Cells were culmred in 75 om?
flasis in a humidifed 5% C0.-95% 3ir armasphere 2t 37 °C unil 30%
conflaence.

Far each experiment, HTR-EjSWneo cells were seeded in 25 om?®
flasks o in 96-well plazes depending on the type of analyses, in com-
|:|]EI:E‘ medium; afver 4 h, medium was I‘E‘Flla.CE‘ﬂ wirth new medium
conmzining 1% FAS and culnires were incubated overnighe. The day
afoer, cells were -Ei]IIEEﬂ m BPFA EH.'FI-HP ar e COMCETMTItonSs of
1x107% 110, 1 1077, 1 10¢%and 1x 107 M in fresh 1% FBS,

RFMI 1640, Contmol culmares were exposed m venide alone (0E
ethanol in 1% FBS, RPMI 16407

21 HTE-&Svnen cell viohiliry

The viability of HTR-8/Svneo cefls was zssessed wsing the mypan
bilue exclusion test. Cells a 70% of confluence, in 25 and flasks, were
culrored in 1% FES, RPMI 1640, conmining BPA of p-NP (1 1075,
Too 10, 1o 10F, 1 T0X9aNd 1= 105 M) fior 24, 48 and 72 b Concrod
rculmures were e posed m vehicle. Ar eadh time, the cells wene de-
rached with mypsin and an aliguor of 20 wl of cell SUspension was
mixed [171) with Trypan bilue gye (Sigma Chemical Co). Cell via-
biliy was detecred by counting unsained cefls by wo indepencdent
iMVesTi ga0ors, under an oprical microscope using a Buriker chamber.
The resulrs of at least three experiments with 5 replicaes ane pre-
sented as the means of viable cells for 3 single chemical or conmal
[0.1% ethanol], a0 ealh time of indobarion.

24 HTE-EfSVneo cell profiferation

Cell profiferation was determined wsing the nonradicactive
5-bromo- 2 -deyuridine- hased (Brill) cefl profiferation asszy (Roche
Applied Scienoe, Mannheim, Germany) ACCoTing o e manura-
cTarer's protocal. In brief, HTR-8/5vnen cells were seeded in 96
well plares ar a density of 1= 10 cellspwell and then exposed o
BPA or NP (1« 107, 1w D0, 10 10", 1= 10 and 1= 107 M)
Tor 24, 4E and 72 h in RFMI 1640 {1 FBS). Control oolmuires wers
Eipased [0 Venicle. AL each ime, the cells were Labeled with Brol
for 4 h and then incubared with ant-Brdl anmibody. Brdl! incor-
POT2CioN Was derected using 2 colorimerTic subsirate solution and
absorbance was mezsured ar 450 and G50 nm. The e periments were
CArTied UL 3t Jeast Thiee Gmes in 5 replicates and the results are
presenced as percentage of comrol values for 3 single chemical, at
each rime of incobarion.

25 HTE-ESvneo cell migroion and imeasion

HTE-8/Svned cell migration and invasion werne evaluamed in 24-
well modified Boyden chamber as previously described [Gentiling
BL al, 2007; Frast et al, 20E). The effects of BPA and p-NFE, ar the
CONCEMAGONS of 1 107, 10 107", 10 107", 1w 10 and 1= 1077 B,
were assessed by pre-mrearing the cells with the chemicals and in-
ubared 1E FBS, KPR 1640, Tor 24, 48 and 72 h, befare being seeded
in the Boyden chamber. Transwells with polycarbonare fliers
(& 6.5 mm; 8 pm pore size) (Becon Dickinson, San Diego, CA, USA)
were coared with 10 pg/mi ype IV collagen (Sigma Chemical Co)
or 15 pl Growth Facror Restricied (GFR) Matrigel {Collaborative Re-
s2arch, Inc. Bediond, MA], for the migration and the imasion assay,
respectively. The pre-meared cells were then seeded in the upper
chamber of Transwells ar a density of 5= 104 cellsfwell in 100 p
of 1% FBS, RPMI 1640, containing fresh mrearments (BPA and p-MP,
ar the concenmarans o 1= 107, 1« 10, 1= 10077, 1= 0% and
1= 107 M) Medium with 10% FBSwas placed in the lower chamber
s a dnempanractant faoor. The plaes were incubaed for 4 h or
24 h 2 37 "C for the migration and the imasion assay, Tespeaive-
W. Sabsexquenthy, the cells thar remained an op of the Mers 5 well
as The collagen oT MaImige]l C0ating were soaped off. FlErs were
fxed with methancd and acerone [ 121} stained with hemarmoylin,
placed on glass slides and mounred with 20% gycerol in phas-
phate miffer saling (FES). The nomber of cells that had reached the
bmwer side of the AleT was quantified by viswal counting of five
random areas under 3 light microscope, by owD independent in-
VEsTigarnTs. The migration and imvasion CIpaciny was caloolaed as
the percenage of cells thar passed through the membranes in te
Presence of Mearments With Tespect [0 controls (0% ethanol) for



single chemicals, a1 each rime of pre-exposure. The EXPETiMEents wera
carried out ar least three Mes in miplicanes.

25, HTR-8f5vneo cell inverooyion wich endiocheliol cells

Huoman umbilical cord endothelial cells [HUVEC) were ob-
rinedirom Cambrex {East Rurhed ond, Nf, USA) and culmred in 10%
a5, EEM-Z medium [Cambre ) umder sandand conditons of 5% OO
95X air, ar 37 °C.

HTR- 8/ S¥'nea interaction with HUVEC cells was derermined by
3 co-culture syseem. Glass cover slips (@ 10 mm) were Arst coared
with 150 il of GFR Marrigel {Collaborarive Research)in 24 well plames.
HUVEC cells were stained with an orange cell tracker, CMTMR
{Invitrogen, Carishad, CA, LISA) for 30 minares, then collected by oyp-
sinizarion and Anally added o the GFR Mamigel-coared glass cover
slips a1 a conceneration o 1= 10° cellgwell. The cells were mani-
rared by NMuarescent Leiz Diaplan microscopy (Leica, Werzlar,
Germany) for endothelizl ube formarion over the next 125 in
oalrure. HTR-Ef S neowene oalmred in 35 ane flasks and reaped with
1o 10X WBPA, 1 107" M p- NP or 0.0% echanol {contmals) for 48 b
Cellswere then Lzbeled with a green cell wacer CMFDA (IMvimogen)
for 30 minures, colleced and seeded at 1. 10° celisiwell an the en-
dorhelial tube sructures. Over the next 24-48 h, rophablast-
endorhelizl cell interaction was monitored and recorded by
orescence microscope (Lesca)) coupled with 3 camera. Four Tandom
images were aken from each wearment. The cell iNteraction was
quanrifed by Image| measuring the two florescence (orange far
HLUVEC and green for HTR-B/SVneo cells) in four fields. selecred by
W independent imvestigarors. The results from three ex peri-
MenCs in miplicates were expressed 35 rato berween HUVEC and
HTR-E[5Wneo cefl fluorescence.

27. HTR-§/5vheo cell differensiorion o polypliodd gian: cells

271 Cell DNA conbenit

Toral DNA conpent in HTR-BjSWneo cells was evaluared by
CyQuan® NF assay Kit (Invirmogen). Cefls were seeded in 96 well
Plares ar 1« 104 cellsfwell in 100p) of 1% FES, RFMI 1640 medium
COMIAiNiNg rearments { BFA or p-MP ar the concernratans of 1= 100,
T 100™, T2 107", 1 107° anad 1 107 M) or 0% ethanol | con-
mals]) Ar 24, 48 and 72 h, the absorbance Marescence was measared
using a Cyofluor 2350 flucrescence scanner (Millipare Corp, Bediond,
MA ). HTR-E[SVneo cells assayed with CyQuant® NF were also pho-
tagraphed by imverred flucrescence Olympus IXE1 microscope
(Oiympus, Hamburg, Germamy) ac 72 h. Cells in five random felds
per well were coanred. Resalrs from three ex periments in mipli-
cares are presenced as percentage of cedls with 2n enlarged nucleus
{z« 10 ur} with Tespect m tol cells counsed in each feld. Ina second
ser of = periments cells were seeded in 2 96 well plaes ar 1« 10
celisjwell and exposed for 48 b B or p-MP ar 1= 107 M with

or withour 1 ph esITogen-Tecepror ancaganist (o)

272 Cellmarphometry
HTR-8/SWneo cells were grown in 25 o fasks and reated with

medium conaining BPA and p-NF ar concencration of 1« 107" M
ar 0.1% ethanal [conmmals) for 5 days. Cellswerne then detached with
mrypsin and seeded art a density of 2 107 cells on cover slips in 3
24-well plare in medium concaining me same meaument. ATer 24 h,
oells wetewashed three times with cold PBS, Meed with 4% paraform:-
aldehyde (PFA) Tor 20 min ar 4 "C, and washed again in PES. Mon-
specific binding sites were blocked using 3% goar serum for 30 min.
Cells were then incubared for 1 h ar rom IEmperanre with moose
anti-cytokeratin 7 antibody [Sigma Chemical Co) dilured 12100 in
1% goar serum. After three washes in PES the cells were incubared
With grar anti-mouse secondary ancibodies (126) conjugated oAl
Fluoe A4BE dye smepravidin conjugace {Invimrogen) dilued 1:100

Tor 30 min ar room rEmperarure. Cells were then washed in PES and
nudei were identified with Hoechst 3342 nuclear stain (1 pgimil}
{Sigma Chemical Co). Digital images of cellular morphology were
Caprured with a cameTa connected o 3 TUOrescence micTosCope
{Leica). Morphaometric analysis performed in three Separate experi-
Mens was derermined by measuring the moal area of the nucleus
and cyroplasm in five random felds per cover skip by Image).

2.8, Westarn biot

HTH-&/5vneo cells were seeded in 25 om® Masks and were mreared
with BPA and p-MP (1« 107, 1 107% and 1« 107 M) or 0.1% echanaol
{conrals) for 72 ho After twio washes in PES the cells were exposed
10 Iysing bufer (50 mbd Tris-HCL 50 mM MaCl, 1% Trimom X-100, 1%
sodium decycholare, 0.1% soditm dodecy] sullaie) containing | m
sodium orthovanadare, 25 mh sodinm fuoride and a proease in-
hiliroe cockoail conmining 4-{2-aminoetiyl bermenes oy fuarise),
pepstatin A, E-54, besarin, leapeprin, and aproginin {Sigma hem-
ical Co). Procein lysates were clarifled by centrifuging at 13,000 g
far 15 min at 4 “C and 1otal protein concenramnon was deermined
by the Quick Smam Bradiond Provein Assay (Bio-Rad Laboramries, Her-
cules, CA, U5A) Thiry micrograms of vocal promeins was separared
on 10% polyacrylamide gel in the presence of 505 and
- mercaproerhanal, and the proceins were slecmromansiemed w PVDF
membranes [Thermo Scientific). Blomed membranes were incu-
bated in 4% far dry milk in 20 mM Tris-buflered saline pH 7.2 (TBS)
for 3 h ar room cemipeTarere and incubared overnight with rabbic
Polycional anti-homan ps7RF (dilomed 17 1000) (Thermo Scienif-
ic), oF mowse monoconal ang- haman bet acin | 1:1000] (Santa Cne
Biotechnology) in TES plus 4% fat dry milk. Mexr, the membranes
were exposed 10 the respective peroxidase-labeled secondary an-
tibodies | 1:3000) (Bio-Rad Laborataries) in TES plus 4% far dry milk
far 2 h ar room remperature. The reaction was revealed by chemi-
luminescence kit (Thermo Scienific) acoording vo the manalacrurer's
insmucTions. Images were digitzlized with CHEMI DOC Quantity One
(Bin-Rad Microscience), and densiiomerry analysis was per oomed
by Quantisy One sofoware [Bio-Rad Microscience )

2.5, Snarisionl analysis

The dara were analyzed with GraphPad Prism 4 using one-way
analysis of variance [ANOVA), followed by Dunnet's test or 5i-
udent's -rest when appropriare. p« 0.05 was considered o be
srarisically significant.

3. Resuls

In order mo use BPA and p-NP ar the Concenmanons selecred
(1 107", T 107", 120 107", 1 107% and 1 = 1077 M) in funcrional
2555 0N HTR-EB/S¥nen cefls, we first evaluared their possible impao
on cell viability, by mypan bloe exclusion {data not shown). In ac-
cordancewith previous reports on rrophoblast, no decrease in cell
viahility was observed at amy of e concentrations ested of either
EPA or p-WP {Bechi et al, 2013; Motk et al, 20100

11 B od p-NFdo noe ofea HTR-8Svneo cell prolifers ion

HTR-E/SVneo cell proliferarion was evaluated by BrdU incorpo-
Tation. As shown in Fig. 1 no dhanges were observed with amy
mearment (B or p-MPYL ar amy concenmation {1« 1079 1« 10019,
T 10FY, 1 1079 and 1= 1077 M} and any time of exposune, with
respect o control cultores (0L erhanol), 2t the same time of
EXDOsUre.
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3.2, 8P and p-NP impair HTR-§'SVneo cell migration
md imvasion

To assess whether BPA and p-NP aitered the migration and in-
vasion properties of HTR-8/SVneq, the cells were pre-treated with
the compounds for 24, 48 and 72 h, then plated im0 polycarbon-
are membranes coated with a three-dimensional layer of coliagen
{cell migration) or GFR Marrigel (cell invasion) for 4 and 24 h for
cell migration and invasion, respectively. For each chemical,
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acTivity was higher ar concentrations of 1x 107" and 1 x 10% M and
at longer exposure (48 and 72 h) (Fig. 2). The p-NP concentrations
of 1x 107" and 1x 10 M were acxive in the first 24 h of incuba-
tion on the rigration process (Fig. 2C) while the highest {1x 107 M)
p-NP concentration had no effect on either cell migraton or inva-
sion at any ume of incubarion (Fig. 2C and D). A significant reduction
in rrophoblast invasion was observed when cultures were treated
with p-NP at T« 107" No significant effect was shown for BPA at
24 h either on cell migration or invasion (Fig. 2A and 8).
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33. p-NP but not BIA impars HTR-&SVneo interaction with HUVEC

C“"S

Interaction benween HTR-8/SVneo and 'EC celis was studied
with an m vitro model of mru»dm-,muoml dual cell co-culmre. For
this analysis, HUVEC celis, labeled with 3 red racker, were frst cul-
wred inwells coated with Marrigel in which they form the classical
Tube-like structure. HTR-8/SVneo cells were pre-rreated with BPA
or p-NP at 1x 107" M for 24 and 48 h then labeled with a green
racker, and immeadizrely added m the endocheial cell culture. Since
remodeling o sp«m arteries is associared with rophoblast inva-
sion (Bischof and Irminger-Finger, 2005) we selected the
concentration of 1x 107" M, 25 the most acive concentration in af-
fecting trophoblast invasiveness. Trophoblast cells spontaneously
interacted with the endorhelial ceils and fingerprinted the tube-
like structure both in the control (0.1% ethanol) and chemical-
meared cultures (Fig. 2A ). Treaomentwith p- NP significantly reduced
rrc inferzction beoween the trophobiast and the endochelial cells

s revealed by a lower ratio between the red and the green fluo-
rescence, measured by a spacific image] software (Fg. 38). The effect
of p-NP was statistically significant at 24 h as well as 48 h of ex-
posure while no effect was abserved with BPA ar equimolar
concentracion (1x 107" M) (Fig. 3B).

conirol vehicle.reared culiures (ethamol 0.1%) *p< 005 Sr-7

5pm (For igerpresation of the seferences o color in this Agure legend, the

34. BPA and p-NP induce acguisition of polyploidy and
diferentintion of HTR-8/S/neo meo placenta!l bed giant cells

To test the possibility thatr treatment with BPA or p-NP might
alrer the process of rophobiast differentiation into polyploid bed
giant cells, we performed genoceype (cell DNA content) and pheno-
type {cell morphometry) analyses. In addition, polyploidy was
investigated by assessing the expression of p57%2, a3 molecule as-
sociared o cell endoreduplication.

JAI. C&ll DNA content

The total DNA content of HTR-8/Svneo ceils was measured by
CyQuant® NF test (Fig. 4). Trearment with BM determined an in-
crease of toral DNA coment staristically significant ar 48 h, with
1% 10 ”. 1x10®and 1 x 107 M and .1172!'- with all concentra-
tions (1= 10™ to 1 x 1077 M) tested { 4A). Similarly 10 BPA,
mmnm( with p-NP increased "ol DM ccnmm but unlike BPA and,
similarty to thar observed on cell migratan and invasion, the effect
af p-NP was clearly more pocent with higher activity at lower con-
centrations (1 x 107 and 1x 107" M) As reported for cell migration
and invasion, the effect of p-NP was already active at 24 h of ex-
posure (1x 107" M) while BPA had no effect at this time (Fig. 48).
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34.2 Cellmorphometry

The nucleus morphoiogy of HTR-8/SVneo cells was examined
using a specific nuclear dye CyQuant, after exposure 1o B and p-NP
(1x 107", 1x 10°% 1x 107 M) Tor 72 h (Fig. 5A ) The results showed
a higher presence of cellswith an enlarged nucleus both in BRA and
p-NP reatment (Fig. 5A). Cell counting showed that the effect of both
chemicals was gose-dependent with higher activity 3t lower can-
cenerations (1= 1077 and 1 x 10°M). The highest p-NP concentration
{1 x 107 M) had no significant effect (Fig. SB). Nucleus and cyto-
plasm fluprescence using specific labels for the nuclear (Hoechst
3342) and the cytopiasmaric (ytokeratin 7) compartments (Fig. 5C)
showed enlarged nuclei, characreristic of palypioid cells, in the cul-
rures treated with BRA (1x 107" M) (middie) and p-NP(1x 107" M)
{botrom) whereas 2 tight epithelial morphology was maintained in

A

Contrel

NP

Hoechs 102t Cywdornse 1 SMoged

controf cultures (0.1% ethanal) (top) (Fig. 5C). As shown in Fig. 5D,
the ratio beoween the nudeus and the Cy‘Opl.lSlTl area measured
by an imagej application was increased aftet exposure to BPA and
p-NP with Tespect o control cultures.

3.4.3. Expression of p57**=

To define the molecular parhway invoived in the formation of
enlarged nuciei observed in HTR-8/SVneo cells after exposure 10 B
and p-NF, we checked the expression of prowein p57%#, a known
moiecule preventing cell entrance into mitosis (Utlan et al, 2009).
HTR-8/SVneo were meated with BPA and p-NP(1x 107, 1x 10®and
1x 107 M) for 72 I, celi lysates were subjected to western blos-
ting analysis using antibodies against human p57*¥. A band at
57 kDa corresponding 1o the molecular mass of pS7*# prowin was

B

niv''n
nr'y
o N

NP

e L

Phasrescence mathe

Rg 5. Blec of EPA and p-NP on dif erentiation of HTR 8/SVae0 int placenta gant cefis. The HTR-§SVneo cells were treqied with EPA and p-NP a1 the comcenirasicns of
1 10%, 1 10% and 1107 M for 72 & (A) Representaive phorograpiswith BRA 15107 M and p-NF 1 10 V' M Cr eshanol 02K, Bar~ 10gm. (B) Percentage of celis

with enlrged nucleus with respect 10 el cells commed in ive mndom Belds and reporeed 25 means + SEM. *
eseniay e photographs of HTR-8/SVneo celis s 5 4 of exposure 1o only vehicle (Cr- munoluw BAA 110" Mand p-NF 1 10 17 M. Nuclei (blue) were

cres. (C)

<005, The resulis represent o~ 3 experiments in iph-

sained with Hoechst 3342, (FIOPIsM COmpTTment (green) were obeained using anth-cywkerass 7. Bar - 25 pm. (D) The ranio of sackeusjoyoplasn Buorescence in fve
random Oedds per cover slip from three separae experiments. 13 are sx pressed 25 arhirary unics and reported 2s meams + SEML *p< 0L05. (For imerpretation of the ref-
erences © oclor in this Ngure legend, the reader & referred 0 the wed version of this artide.)
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Fig- 6. Eer of EFA and p-NF on pST5F eypression. [A) Represenativewesiern bim
fior pSTOM prum--ual-rzl.ll.:r_quudmnh of exposmre 1o EPA and p-NP
AT 10 A, 1 10 00 and 1 107" ML [ B) Desesicomeric analy sis om n = 3 experi-
mems pesformed in miplicre, O conool webice-treaned culiures [eranl 11T}
"p D5,

demced in 2l samples analyzed [Fig. GA). Densitomerry analysis
showed a3 significant increase in p57 9F expression in p-MP an
12 107" M rreared culTures, while no changes wene observed for p- NP
S 1 109 and 1= 10-7 M. BPA a1 1 10-* and 1= 10-9 M resulted
in a significant increase in p579e* s pression while no efac was
abserved ar the highest concentration tested (Fig. GB).

15, ERTogen- TecepT annagn s (T0T) reverses the noremsed
gficocy of p-NF on HTR-§5vneo cell ONA conpent

In arder m explore whether the mode of action of BFA and p-NP
an trophoblast cells was via an esmogen-recepror dependent
parhway, we performed experiments in the presence or in the
absence aof IC1 {1 ph) and tested the motal DA COMEENT using BRA
and p-NPF ar 1= 107" M, the mMost acive ConcentEnEn. As shiown
in Fig. 7 the meament with IC1 signiflcandy reduced the f-HF -
Ncagy while no efiecr was observed on BPA.

4. [MsSCussion

The extravillons rrophoblast differentiation program is @ crucial
Ppinysialogical process in early human pregnandy conTibucbng m pla-
centa establishment and irs development in the marernal nrerus.
Cyrorrophoblas cefls proliferate in molriayer cell columns anchor-
ing the placenma m the maremal decidua. From the disal pam of
these columns, isolared exmavillous mophabilast cells (EVT) migrame
gurwards onm the surface of the decidod, then aoguire an ima
sive phenorype and move deeply ino the decidualized endomeTTium
up m the spital areries deteTmining their remodeling. The EVT in-
vasive phenoype ends as these cells finally differenciate into
polypioid placenta giane cells (Bischol and Irminges- Finger, 2005).

Herein, we have shown that mophobiast exposure m 10w, non
ImiC, CONCEnmTations of BPA and p-MFP, two widely difused

B 1w
= 200 [ LTS
FE
£ % 150 #
1 -
331 -
= &
L]
BPA NP

Fig. 7. Effiecr of emmgen- recemor ancagenis (IC7) in BRA and p-NF oeaced cul
Turss on HTR-EfS neo osll DMA comenc. HTR-2 56 neo cells wene mesned wiith E78
and p-HP [1:2 10717 64} in the presence or noc af B for &2 b Cellukr DS4 conrem

s devermined using CyQuant® assy. Dt are sypressed 25 PercenLage v commol
cultures and a5 means + SESL The resalrs FEPreasent n =3 SXperiments per-
formed in miplicaee. #p < Q0L

environmental chemicals, aleers different biological processes oc-
CUITINg in the exrravillous parmway.

specifically using HTR-E/S/niea cells, 2 good cell madel for sy
ing the EVT patinway (Graham er al. 1993; Takao et al, 2011]) we
demonsirated thar BFA and p-NP caused a dedease in cell migra-
ticm and invasion, the effect being mosdy characterized by both 2
harmetic and a biphasic behavior. In paroular, adivity of barh
chemicals was most effective ar concenmacions of 1« 107" and
1 107" B and less effective 2t higher, 107 M, and lower, 1005 M,
CONCENCTations. Moreover, activity of both chemicals was higher ac
longer (48 and 72 h) exposure. Decrease of cell migration and in-
VasiDn Was nof anributable 1o a negative effect of the chemicals on
oell viabiliny or cell proliferation because nong of these indioes Were
significanidy aMected by BPW and p-NP sxpasure. Although no im-
pairment of cell proliferaon was shown, we found thar motal DNA
CanmEent in HTR-BjSVneo alter exposune 1o BPA and p- NP was in-
creased. We highlighted thar the increase in cell DNA CoNIEnt was
due 1o an increasing differentiation into mophobiass giane cells. By
morphoiogical and marphomerric analysis we found indeed that
abour 30% of HTRE-EfSWneo cells meared with BPA or p-NF showed
2 muchelss 5ize ar beast 2 rimes Larget than tar of cells exposed only
1o vehide and a significant redudmion of orooplasm in favor of the
nudens. Once again, the highest effect was obsenved with the con-
cemmaton of 1x 107" 8. The polyploidy is the resalt of multiple
5-phases in the absence of cyrokinesis leading to giant cell appear-
ance with a single enlarged nuchens (Uiah e al, 3008). The DHA
caoncent of these giant cells generally ranges from 8N @ G4N, al-
Though leveds 25 high a5 1 000N Nave been repored (Llan 2t al, 2008;
Zyhina and Fyhina, 2005}

The effec of AP and p-NP m cause muchaar polyploidizarion ves
demonstrared also on hamser ovary cells [CHO-K1) {Tayama et al.
2008). Studies on mice mophoblast sem cells showed thart meat-
MEnTwith a synthetic esmogen, diethylsibesral (DES) led m Their
differenriation roward the palyploid giang cell lineage. In particu-
lar, DES-meared pregnant mice exhibited abnarmal early placenta
developmen: associared with an verabundance of mophablast gant
cells and an absance of diploid Trophobiass [Tremblay e al, 2001}
Moreover treatment with bow doses of DES in Preghant mice was
assoCiaed with fetal death whereas 100% fetal momality was as-
soriared with the higher dose (Scom and Adejoloun, 19800 During
placental formarion. differentiation of mophoblast stem cells in giant
cells is regulated by oydin-dependent protein kinases (CDE) amiv-
ity (Llah ex al, 2008 ). Recent anahysis has revealed that suppression
of CDK1 acmiviny by the CDE specific inhibitor p57*%* miggered
genoma endaoredaplicarion. This inhibitian prevents entrance into
mitsis and cells begin 3 new roond of genoma duplication leading
1o nuclear polyploidization (Ulan et al, 2009). Since ps7%# is



imhved in the differentiation process, we investigared its eExpres-
5inm by Westem blor analyses. We showed that the Ievels of this
proeein increased after meamment with 1« 107" b of BPA and p-NP
oonfirming that both diemicals indwced HTR-8/ 5 neo o2lls m dif-
TerenIiarion inm gianr cells via endoreduplicamon process.

Finally, we itvestigared the effecr of BPA and p-NF an temad-
eling of spiral aneries oy HTE-E/S¥neo exravilloas mophobiast ells.
By 3 duwsl oo-calnores in viro model, which is 3 suitable sysem o
highlight rophoblzstiendochelial interacon (Hankapiller and Fsher,
J00E ), we demonsrared tart mearmens of mophoblast cells with
F-HP (1= 100 M) reduced Their sponianesus interaction wich en-
dathelial cells. The chemical CoNCENITAG0NS shiwn 10 be acTive are
even lower than those found in homan fluids and tissoes, As for
human pregnancy, BP and p-MP have been found in amniotc fuid,
feral cord serum, placenta and marernal blood with levels in these
Lissues varying from 2 o 36 n for BRA and from U] o 1 n for
F-NP (Huang et al. 2014; Sthonfelder et al, 2002; Tan andAli Mohd,
03}

Despire intense research and data accumalated in the 1ast years
on the hazards of these compounds for reproduive health, ins-
fcient evidence exists regarding their effects on the placenta.
Previous smidies Iy us and oohers have shwn that knw doses of BRA
and p-WP [ph4-nbd | 3ot on human mophoblast by inducing apop-
rosis s well 25 oyrokines and hormane secretion (Bechi er al., 2006,
H110; Benachour and Aris, 2009). In accordance with smdies in ofher
cells (Vandenbarg et al, 2012} we recenty foand thar mophoblast
EXPOSUre o several emvironmental chemicals ar bow [pi-nbd | con-
Cenmarions altered hOG secretion, in hormetic manner [Bechi et al,
3013} Hormetic responses at low-doses are remarkably comman
in i vivo and in vire studies of environmental chemicals in humans
and in animals (Vandenberg et al., 2012).

A VETY TECEND STudy Zimed [0 iMVestigate the poeniial assos-
tion berween marernal BPA exposure and preeclampsia, 3 harmiul
complicanian in pregnancy {Leclerc et 2l 20141 The authors shoved
a signiflcant accumularion of BPA in the placenta of women with
PTEECIAMmpsia in COMpParison i normoensa e women [Lecler: et al,
H14) As preeclampsia s associared with an inadequare oopho-
blas imvasicn and remodeling of maremal spiral ameries [Lyall 2t al,
2001; OTierney-Ginn and Lash, 2014), w0 feanires resultng in me
present study alter exposare m BPA and p-WP, it @n be assumed
thar mareTnal ex pasure o these chemiczls, during pregnancy, may
CIWI5E 0T CONITOUE [0 the pathogenesis of the disease.

Even though the chemicals rested are well recognized for their
ESITOEENIC ACTivity, the mechanism of their acton on mophoblaso
cells =il needs m De elucidamed.

Borh estrogen recepror alpha (ER-a ) 2nd SSITogen recepror bera
{ER-f#) are expressed by human placenta {Bechi et al, 2006)while
in HTR-8/5Wneo cells, the cnly ER isolorm has been demeced ax
both mREMNA 2nd proein level [Cervellas e al, 2013} Imearestinghy
Bukovsky et 2l. have shown tat of ER- hormane binding domain
plays 2 key mle in the regulation of wophoblast differentiarion
{Bukovsky et al., 2003). BPA and p-MP are known 1o bind m ER-
and ER-f. however the not detectable expression of ER-@ in HTR-
E[SVneo cells suggests 3 possible imvoiverment of the beta isolorm.
‘Orher mechanisms of action and recepoors have been identifled a5
possibile @rgers for BAW and p-NP thar may also be relevant in pla-
Centa. In parmioalar low concenmarons of BPA have been reported
[0 WiggeT eflecs viad G prorein-coupled recepror (GPCR-30) and
ESTTOZEN-TRLITed TeCepTar Eamma | Marice et a1, 201 1; Okada et al,
H0E; Pupo et al, 2012; Tohme et al, 2014). p-NF as well x5 BPA
£2n act alsa via a signaling parway imvalving the glucooormsooid
Tecepror and retinoid X receprors (VandenDerg et al, 2012). To
explare the possibiliy of 2n estrogen-recepror mediared parmway
in the BR% and p-NP action on HTR-E/SYneo mophoblast cells, we
performed EXpeTiments WSing 3 esIrogen-Teceprar antagoniss {ICT).
Dur smady, showing thar addition of 10 wias abie  reduce p-NF efte

of abour 30% while it did not show any efec on BRA [reamment, sag-
ges0s hat ortheT mediators Tor the fall action of BRA and parially
for p-MP can exise

5. ConClusions

All Tgether, our dam are a dear evidence of the poiential impac
of emvironmental substances on human placenation Althoagh it
is difflculr vo ranskae the dara ob@ined i vitro with pathopinysi-
dlogical conditions, on the basis of exTensive lieramIe, We can
speculate thar a defective placentation caused by marernal ex po-
suTe 1o emvironmentaily relevant concentrations of BPA and p-NP
MigH COMITETE o the Complications for pregnancy and feal health
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