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Fold Change

Fold Change

FIGURE 2.—Gene expression changes induced by EE, BPA, and genistein in the fetal x;tems/ovaries of the rat. Representative gene
expression changes elicited by transplacental exposure to 400 mg bisphenol A/kg/day (BPA), 100 mg genistein/kg/day (Ges), or 10 12 17 o
-ethynyl estradiol/’kg/day (EE), from GD11 to GD20. The average (n = 5) fold change was calculated by comparing the expression level of
each gene transcript in treated tissues to the respective vehicle-treated controls (n = 5). Transplacental exposure to EE, BPA or genistein
elicits significant and reproducible changes in the expression level of a common set of genes in the developing uterus/ovaries of the female
rat. A representative set of upregulated (A) and downregulated genes (B) is shown. Transeripts are identified by their gene symbol (Entrez

GEO _http://www.ncbi.nlm.nih.gov/entrez/query. fegi?CMD=search&DB=geo_) or their GenBank accession number.
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FIGURE 3.—Eisen diagram (or heat map) of a representative set of genes whose expression is modified in a dose-dependent manner by EE
exposure in the uterus and ovaries of the prepubertal rat. Some of the genes showing a robust response to EE exposure (p <0.0001, in
multiple statistical tests) are shown in this diagrami (58 transcripis are displayed), their identity is indicated by the GenBank accession
number. Each cell of the dafa table is represented as a color-coded rectangle in which the color indicates the expression value (fold change

calculated as indicated, Figure 2) of unaffected (black), upregulated (red), or downregulated (green) genes.
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FIGURE 4.—Do! p tysis of a rep ive group of genes whose expression is modified by EE exposure in the uterus and ovaries of the immature rat.
Representative gene expression changes elicited in immature female rats on PND 20 after treatment with a single daily injection (5.0.) with the indicated doses of EE
(g 17-a-ethyny! estradiol/kg/day), for 4 days, and determined after 24 hours of the last dose. The average fold change was calculated as indicated in Figure 2, wuh
an =6 (") orann =5 (**), for ezch individual transcript. There i3 a clear evidence of the di g to BE exp in both up fated (A), or
{B) genes. Transcripts are identified by their gene symbol (Entrez GEO (http://www.ncbi.nlm.nih., /query fegi?CMD: h&DB=geo)) or their GenBank
accession number.
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FIGURE 8.—Schematic representation of the use of transcript profiling data to better understand the mechaniem of action of estrogen. The classical
mechanism of estrogen action involves interaction of ligand (B) with the estrogen receptor (ER, a or 8), as a homodimer, subsequently the ER-E complex
binds to specific cis-active elements of the promoter regions of estrogen-responsive genes. This complex Interacts with other proteins (corepressors or
coactivators, not shown for simplicity) in order to modify the expression of a particular gene, resulting in its upregulation (upward arrow) or
downregulation (downward arrow). In our studies, we determined that exposure to chemicals with estrogenic activity, at relatively high doses (i.e., 1 to 10
pg EE/kg/day) induce a decrease in the expression level of the gene encoding osteopontin (OPN), and the upregulation of matrilysin (MMP-7) and CD44
heparan sulfate proteoglycan (CD44), among other genes. This is a schematic representation of these gene products, as well as the ones for
heparin-binding epidermal growth factor precursor (pro-HB-EGF) and the receptor for the mature HB-EGF, ErbB4 (a member of the epidermal growth
factor receptor family of tyrosine kinases). In this model, MMP-7 proteolytically cleaves osteopontine, decreasing further the level of this gene product.
CD44 binds proHB-EGF and active MMP-7. MMP-7 proteolytically cleaves proHB-EGF, generating mature HB-EGF, which is presented by CD44 to
ErbB4, Activation of ErbB4 by HB-EGF results in tyrosine phosphorylation of its intracellular domain and the transduction of signals that promote cell
survival, and tissue remodeling, among other activities, that converge in a uterotrophic response. The maechanism of interaction between the gene

products displayed is presently unknown and the representation is purely speculative.



TABLE 1.~~Gene transcripts whose expression is modified by }7-o-ethynyl estradiol in fetal and prepubertal (UA) uterus/ovaries of the rat.

Average [old change induced by EE (ug/kg/day)

Accession Gene
no, Gene name symbol UAO1 UA1LO UA IO Fetal 0.5 Fetal 1.0 Fetal 10

K00994 Intestinal calclum-binding protein icab) 2.1 8.5 10.5 2.7 2.0 28.1
Y13275 Transmembrane 4 superfamily member 3 or D6.1A protein Tmdsf3 12 30 5.5 -15 -1.6 ~12
X73524 Desmin DES L1 3.0 49 1.} —~13 1.5
U23056 Carcinoembryonic antigen-related cell adhiesion molecule Ceacam] —1.0 34 45 1.1 1.3 17
U22424 Hydroxysteroid dehydrogenase, 11 § type 2 Hsd11b2 1.0 2.3 4.0 1.6 1.6 43
879730 Opioid receptor-like ORL1 receptor Oprll 1.4 2.7 36 1.5 1.3 L5
126292 FSH-regulated protein or Kruppel-like factor 4 Klif4 1.1 2.8 33 1.1 1.3 2.7
M88469 f-spondin Sponf i1 24 3.2 1.1 1.1 1.3
AA859837  Guanine deaminase Gda —1.1 2.6 32 -1.2 -1.2 -1z
M15562 MHC class 11 alpha chain RT1.D alpha 14 2.0 29 ~1.0 -1.1 -12
U53184 LPS-induced TNF-« factor or Estrogen-responsive uterine gene Litaf 11 1.8 27 L1 11 1.2
L00191 Fibronectin fn | ¥ 2.0 2.6 1.2 1.6 1.2
M57664 Creatine kinase, brain Ckb 1.3 19 2.6 -1.0 1.0 1.6
M22323 Actir, y 2, smooth muscle, enteric Actg2 1.3 22 2.5 1.2 L5 1.6
M32062 Fc receptor, IgG, low affinity 111 Fegr3 1.4 23 2.5 12 1.2 14
Al0T72634 Cytokeratin-18 1.1 L7 23 ~1.3 ~1L1 1.3
AAS98683 Heat shock 27 kDa protein Hsp2? ~30 1.7 21 ~1.0 14 1.6
AATINT26 STs ~1.0 1.7 2.0 —~1.5 -1.5 ~1.2
Al012030 Matrix Gla protein Mgp —L1 -1.7 -2.0 1.2 1.1 1.6
AAB91785  ESTs, Weakly similar to isocitrate dehydrogenase ~1.2 ~1.8 -20 1.0 11 12
V49055 CTD-binding SR-like protein rA8 or RNA binding motif protein 16 1.0 -14 2.0 —-1.0 1.1 -12
X04229 Glutathione-S-transferase Gst -~1.2 -~1.8 -2.1 1.1 -1.0 ~1.3
L23148 Inhibitor of DNA binding 1, helix-loop-helix protein 1dt LO ~16 -2 -1.1 1.1 1.3
Al1229291 ESTs, similar to purine-rich element binding protein A —1.2 -1.8 —2.1 —-1.2 -~1.6 —-12
U42427 Aanti-Maullerian hormone type 2 receptor Amhr2 ~1.3 -1.6 ~23 ~1.4 ~13 —-1.6
103914 Gilutathione-S-transferase, mu type 2 (Xb2) Gstm2 ~1.1 -1.9 -2.4 ~1.1 -1.0 —12
Al137583 Inhibitor of DNA binding 2, domi gative helix-loop-helix 1d2 1.1 ~1.9 -2.6 1.0 -1.0 12
AF001898 Aldehyde dehydrogenase 1, subfamily Al Aldhlal ~15 —-2.9 -2.7 1.2 -12 -1.2
863167 3 beta-hydroxysteroid dehydrogenase isomerase type Il HSDB3 ~1.6 ~2.4 ~3.2 2.2 1.0 1.9
Al230256 Inhibitor of DNA binding 2, dominant negative helix-loop-helix 1d2 ~1.5 -2.5 —-3.6 1.3 L7 L6
M31837 Insulin-like growth factor-binding protein 3 1gfop3 ~12 -3.0 —44 ~1.1 1.0 -14
D49494 Prepro bone inducing protein Gdfl0 ~1.2 -29 -4.6 1 12 1.3
All176456 Metallothionein-2 and metallothionein-1 genes —1.6 -102 120 -1.6 -1.6 -2.0
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Hi8i: Brain Res Bull. 2005 Apr 15;65(3):249-54. Epub 2004 Dec 18.
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#&54  Schonfelder G, Friedrich K, Paul M, Chahoud I.
X RE4 . Developmental effects of prenatal exposure to bisphenol a on the uterus of rat
offspring.
HiBk : Neoplasia. 6(5):584-94, 2004.
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Figure 1. (A=-D) Representative high-magnification histddogy of the rat
offspring uterus at estrus. (A) Control {cornstarch-treated animals) group.
Typical thickened uterine epithelium al estrus stage () with ordedy and
basally located nuclei. Original magnification, x400. (B) 0.2 mg/hg EE2
{positive control). Pseudostratified hyperplastic epithelium (*, columnar cells
with less orderdy and basally located nuciel) harboring cavities (arrows).
Origiral magnification, x 400. (C) 0.1 mg/kg per day BPA. Decreased luminal
endometrial epithelium thickness with a foamy appearance (*) and cavitios
(arrows). Nuclei are less orderly and basally located. Original magnification,
x 400. (D) 50 mg/kg per day BPA. Significantly reduced thickness of the total
epithelium (7). The lusinal endometrial epithelium is riddled with cavities
containing nuclei with condensed chromatin (arrows). Original magnification,
x 400, (E) Statistical analysis of height (um) of the luminal epithelial cell layers
fram rat offspring after in utero treatment with BPA or EE2 at estrus stage.
Values are based on analysis of three sections for each utenne specimen
{(six from each group). Quantification was performed on the digitized images
of 10 systematic, randomly selacted, represeniativa fielde «-id are reported
as the mean = SD. Co, conirol group, 31.0 + 3.9 um, n = 6; EE2, 0.2 my/kg
per day 1 7u-ethinyl estradiol group, 33.2 = 9.4 pum, n = 6; BPAO.1, 0.1 mg/kg
per day BPA, 27.8 + 1.8 um, n = 6 BPAS0, 50 mg/kg per day BPA, 192 +
6.0um n =6
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0.1 and 50 mg BPA compared with the negati ERn i s 8 wDa
reaction was recognized in nuckei of both epithelium (arowheads) and & &
stromal oells ( {A) Control treated animels) group. Weak & § «Da
ERa immnoraacion in nuckel of both epithefum and stomal colis. Loss a B e o ¢ 64
ERa - luminal epithelium ocell nuclei. Original magrification, 456

x400. (B) 0.2 mg/kg par day Eﬂ (posiive controf). Significantly increased
ion of ERu-if A utedne luminal epithelial csfl nuclel, as
wal as a sirongly immunostained stromal oadl pattem frequently dssoribing a
uniform, thick mesenchymel cell layer underying the luminal epithelium.
Original magnification, x400. {(G) 0.1 mykg per day BPA. Weak ER
mwremm in nuclei ol both epitholium ard stromal celis. Less ERu-
) luminal ap cvﬂnudea Original magnification, X400.
{D} 50 mgkg per day BFA. ion of ERa-
mvnumsmmedutemelummdepmwﬁaloeﬂnudenasmassfrmgay
ﬂnmmostanedsﬂmwlceﬂs which a/anatotgamzedma uriform cefl layer
fying the ef i was also gnized in
the o!lumme! pithelial cells. Origing! magnification, % 400. (E)
image analysis score of positive ERa-immunostained utering luminal
epitheEal cells. Shown is the percentage of FRa-immunostained utering
epithefal cell nuciei. Values are based on analysis of nine fields from each
section (lwo sections per uleius) in six rats from each group end am reporisd
as the mean x SD. Co, conirol (comstarch-lreated animals) group, 57  19%,
n = 6; EE2, 0.2 mg/kg per day 17a-atiinyl estratiol group, 90 = 4%, n = 6;
BPAD.1, 0.1 mg /kg / day BPA, 67 x 7%, n = 6; BPAS0, 50 mp/kg per day
BPA, 85 15%, n =6

antibody was preincubated with antigen ER3 peptide (data
not shown). Substituting TBS containing 0.5% NFDM instead
of prirnary antibody for ER3 led to no more immunoreactivity
(data not shown).
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Figure 4. Rep ve | biot analyses of ERz exp of werine
protein at estius stage of female gue-Dawley offspring exp 10 172-
ethinyl gstradiol and bisphendl A in utero. Gravid dams were fed by gavage
on gestation days 6 through 21 with either 2% comstarch (negative control;
CO) at 10 mikg per day, 0.2 mg/kyg per day EE2 (EEZ), used as a posilive
control, or 0.1 mg/kg per day BPA (BPAD.1) or 50 mg/kg per day BPA
(BPA50). The female offspring veere then sacrificed in estrus at 4 months of
aga. (A) The full-length ERa exp ion at 64 kDa is ir in all female
offspiing exposed to EE2 and the 50-mg dose of BPA compared with the
negative control group. Within the 0.1-mg dose of BPA and the control group
only vary weak but specific FFa immuncbands of the lulidength ERa variant
at 84 kDa could be Only two i tive bands at 56 and 42
#Da from homogenates of ral uteri from all treatad animals showed strong
staining. Protein lpading was nommalized lo 3-gctin using a monocional
primary antibody ata 1:15,000 diution (Sigma), which was specific for a band
at42 kDa, The anti-ER« antibody specifically reacled with three bands at 64,
&6, and 42 kDa from homogenates of rat uleri. (B) Binding fo all immuno-
positive bands was eliminated when the antibody was preincubated with
ardigen ERa peptide. (C) Substituting TBS cortaining 0.5% NFDM (O 1.Ab)
instead of primary antibody (+ 1.Ab) for ERn Jed to no more immunoreactivity.
Protein, in the amounts of 14, 30, and 15 ng, was loaded
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Figure 5. (A~Dj Representative high magnification ER1 immunosiaining
within the utering tissue of rat ofispring after in tero treatment with EE2 and
0.1 and §0 my BPA comparsd with the negalive controls. The brown-red
color, which ind ER3 # reaction, was recognized dominantly in

cedls of the chyme (asterisks). (A} Control (comstarch-treated
animals) group. Distinct ER: immunoreaction in stromel ceils of the

wyme. Ordginal i X200, (B) 0.2 mghkg per day EE2
{positive cordrof). Weak immunostained mesenciyme. Oniginal magnification,
x200. (C) 0.1 mg/kg per day BPA. D d ERJ i tions in
stromal cefls. Original magnification, x200. (D) 50 mg/kg per day BPA. No
ERI immunoreactions within the werus. Onginal magnification, x200.
Epithofium (arow heads).

growth, morphogenesis, cytodifferentiation, and secretory
activity [45].

Litile is known about the deleterious effects in the uterus
aiter prenatal exposure 1o BPA. This lack of data might exist
because most traditional endpoinis of toxicity may not be
sensitive enough or not datectable until sexual maturity {39).
indsed, we previously observed that the reduction in abso-
lute uterine weight in the 0.1-mg BPA-treated group during

octaie wae analitativaly cimilar tn that coan with tha refer.
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Flgure 6. Repr tatfhy iguaniitative We biot approzch of ERY

expression of wlerine prolein & estrus stage of femals Sprague-Dawley
offspring enposed to 17x-sthingl estradiol and bisphenol A in ubero. Gravid
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F&E4 . Seidlova-Wuttke D, Jarry H, Christoffel J, Rimoldi G, Wuttke W.
EASLREA : Effects of bisphenol-A (BPA), dibutylphtalate (DBP), benzophenone-2
(BP2), procymidone (Proc), and linurone (Lin) on fat tissue, a variety of hormones and
metabolic parameters: A 3 months comparison with effects of estradiol (E2) in
ovariectomized (ovx) rats.

Higt: Toxicology. 2005 Sep 15;213(1-2):13-24.
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