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Abstract
Mammary gland growth and differentiation during pregnancy is a developmental process that is
sensitive to the toxic effects of 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD). TCDD is a
widespread environmental contaminant and a potent ligand for the aryl hydrocarbon receptor
(AhR). We demonstrate reduced β-casein protein induction in mouse mammary glands and in
cultured SCp2 mammary epithelial cells following exposure to TCDD. SCp2 cells exposed to
TCDD also show reduced cell clustering and less alveolar-like structure formation. SCp2 cells
express transcriptionally active AhR, and exposure to TCDD induces expression of the AhR target
gene CYP1B1. Exposure to TCDD during pregnancy reduced expression of the cell adhesion
molecule E-cadherin in the mammary gland and decreased phosphorylation of STAT5, a known
regulator of β-casein gene expression. These data provide morphological and molecular evidence
that TCDD-mediated AhR activation disrupts structural and functional differentiation of the
mammary gland, and present an in vitro model for studying the effects of TCDD on mammary
epithelial cell function.
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1. Introduction
The aryl hydrocarbon receptor (AhR) is a ligand-activated transcription factor with
widespread expression throughout many tissues and cell types. The mechanism of action of
AhR in regulating the transcription of its target genes is well-characterized [1-3]. Prior to
ligand binding, AhR is primarily cytosolic and in complex with molecular chaperones such
as Hsp90, XAP2, and p23. Once activated through ligand binding, AhR translocates to the
cell nucleus and dimerizes with the aryl hydrocarbon nuclear translocator (ARNT) [4]. The
AhR/ARNT complex further associates with coregulator proteins that modulate interaction
of the complex with aryl hydrocarbon receptor response elements (AhREs) found in the
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upstream promoter regions of various target genes [5-9]. The normal physiological functions
of AhR are beginning to be explored; however, much of what is known about the AhR has
resulted from studies using xenobiotic ligands to activate receptor function [3, 10].
Inappropriate activation of AhR by exogenous ligands, such as 2,3,7,8-tetrachlorodibenzo-p-
dioxin (TCDD), has been shown to cause disruption of many cellular and developmental
processes, including cell proliferation, fate determination, and differentiation [2]. AhR,
through AhRE binding, is known to regulate genes involved in drug metabolism, cell cycle,
proliferation, differentiation, and other cellular processes [3, 10], implicating direct gene
regulation as a target for disruption by xenobiotic chemicals.

The capacity of AhR agonists to cause endocrine disruption has been demonstrated in both
the male and female reproductive systems, with effects observed in wildlife, experimental
animals, and humans [11-15]. Hormone signaling pathways may be sensitive to extremely
low dose exposure to various chemicals [16], and TCDD has been strongly implicated in
disruption of estrogen-mediated signaling [17, 18]. There are various mechanisms by which
AhR has been shown to affect estrogen receptor or other nuclear receptor signaling
pathways, and these include modulation of hormone synthesis and/or metabolism, direct
transcriptional regulation of nuclear receptors, stimulation of nuclear receptor degradation,
as well as competition for coregulators necessary for transcriptional regulation by nuclear
receptors [18]. Additionally, as a lipophilic, persistent organic pollutant, TCDD exposure
may increase over time via bioaccumulation [19] [20].

The mammary gland serves as both a likely target for bioaccumulation of xenobiotic AhR
ligands, as well as a model system to study how AhR regulates many aspects of
development. The mammary gland develops rudimentary ductal structures during fetal and
prepubertal stages, and these structures develop further at puberty in the female. However, it
is not until pregnancy that the full developmental process proceeds with extensive cell
proliferation and differentiation, resulting in further ductal branching and development of
the milk-producing alveolar structures. Upon the weaning of offspring, the mammary gland
undergoes involution, which is characterized by widespread apoptosis [21]. Our laboratory
discovered that mice exposed to TCDD during pregnancy display impaired mammary gland
differentiation and an inability to nutritionally support their offspring. Expression of the
milk protein WAP gene (whey acidic protein) was also reduced in TCDD-exposed dams
[22]. In mice, the coordinated induction of milk protein genes occurs around the 9th day of
pregnancy [23], and we have found that the coordinated induction of these genes is impaired
by TCDD (our unpublished data). These changes occurred in the absence of alterations in
circulating estradiol, progesterone and prolactin levels [22], suggesting that AhR modulates
other pathways important for mammary gland differentiation. Further evidence that AhR
ligands disrupt mammary gland differentiation during pregnancy was provided in a study
using mammary gland explants from estrogen and progesterone-primed mice that were then
maintained under hormonal stimulation in culture. The explants were also exposed to the
AhR agonist ligand 2,3,7,8-tetrachlorodibenzofuran, which acted as a negative regulator of
mammary gland growth and differentiation by suppressing development of lobuloalveolar
structures [24]. In order to determine the molecular mechanisms responsible for AhR-
mediated disruption of mammary gland development and function, we have continued to
study the effects of TCDD exposure in mice during pregnancy, and we have extended our
studies using SCp2 mammary epithelial cells in culture.

Mammary gland development during pregnancy involves the differentiation of epithelial
cells through formation of alveolar structures, cell polarization, and the production,
secretion, and luminal sequestration of milk proteins [25, 26]. Primary mouse mammary
epithelial cells and derived cell lines, cultured on extracellular matrix (ECM) in the presence
of lactogenic hormones, have been shown to undergo morphological and functional changes
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that mirror those that occur in the mammary gland of the pregnant mouse [27-30]. The SCp2
mammary epithelial cell line is a clonal derivation of cells isolated from BALB/c mice at
mid-pregnancy [29]. The original COMMA-1D cell line was heterogeneous, with only a
subset of the cells expressing β-casein after the addition of ECM and lactogenic hormones
[31]. COMMA-1D cells were then enriched for ECM-responsive, β-casein producing cells
that were designated CID-9 [32]. Finally, the homogeneous SCp2 cell line was generated
through expansion of a single cell-derived clone isolated from the CID-9 cell line [29]. SCp2
cells have a distinctly epithelial morphology, express cytokeratins, and lack the fibroblast-
type filament protein vimentin. These characteristics, along with the capacity for β-casein
expression, suggest that the SCp2 cell clone originated from mouse mammary epithelial
cells.

The differentiation potential of SCp2 cells has been well-characterized, beginning with
morphological and functional response to ECM and lactogenic hormones. When cultured
with lactogenic hormones, but without ECM, less than 0.1% of cells express β-casein. With
the addition of ECM, more than 90% of SCp2 cells form cell aggregates and express β-
casein [29], demonstrating dependence on the addition of exogenous ECM for
differentiation in culture. In contrast, the fibroblastic cell line SCg6, also derived from a
CID-9 clone, did not form cell aggregates or express β-casein under any of the inductive
culture conditions, indicating that a mixture of cell types was present in the parental cell line
[29]. Further analysis showed that even in permissive cultures, SCp2 cells that remained at
the periphery of cell clusters did not express β-casein, underscoring the importance of cell
aggregation for functional differentiation [29].

As a functional endpoint for our studies, we have focused on impaired expression of the
milk protein β-casein. At the molecular level, we have also found changes in expression of
the cell adhesion molecule E-cadherin along with defects in activation of STAT5, a
transcription factor essential for mammary gland development and lactogenesis [33]. Our
results demonstrate an in vitro model system used to assess the effects of TCDD on
mammary epithelial cell differentiation and identify TCDD-mediated defects in molecular
pathways that are important for normal mammary gland function.

2. Materials and methods
2.1 In vivo TCDD exposure

TCDD (Cambridge Isotopes, Cambridge, MA) was dissolved in anisole and diluted in
peanut oil. Vehicle (VEH) control consisted of peanut oil containing an equivalent
concentration of anisole. Female C57BL/6 mice were treated by gavage with 5 μg/kg TCDD
on days of pregnancy (DP) 0 and 7, or on DP0, 7 and 14, as described previously [22]. RNA
was isolated from DP9 mammary glands using Trizol reagent (Invitrogen, Carlsbad, CA).
Purity, integrity and concentration of the RNA in each sample were determined using a
spectrophotometer and gel electrophoresis. Individual samples from each mouse were
hybridized separately to Affymetrix Murine Genome chips (Set 430A), using an Affymetrix
instrument system (scanner, fluidics station, and hybridization oven). Raw data were
examined using Microarray Suite software (Affymetrix, Santa Clara, CA) and the overall
quality of each chip was visually examined and found to be within normal parameters.
Quality control using spiked genes and housekeeping genes was conducted to evaluate each
chip. Mammary glands collected on DP17 and homogenized for preparation of protein
extracts for immunoblot analyses. Protein concentrations were determined by the BCA assay
(Pierce, Rockford, IL) according to the manufacturer’s instructions.
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2.2 SCp2 cell culture
The SCp2 mouse mammary epithelial cell line [29] was maintained in DMEM-F12 medium
(Gibco, Grand Island, NY) containing 5 μg/mL insulin (Sigma Chemical Co., St. Louis,
MO), 50 μg/mL Gentamycin (Gibco, Grand Island, NY), and 5% fetal bovine serum
(HyClone, Logan, UT). To induce differentiation, cells were plated on growth factor-
reduced Matrigel (BD Biosciences, San Jose, CA) in serum-free DMEM-F12 medium and
treated with 3-6 μg/mL prolactin (Sigma Chemical Co., St. Louis, MO) and 1 μg/mL
hydrocortisone (Pharmacia & Upjohn, Bridgewater, NJ). Cells were exposed to either
vehicle (0.1% DMSO, Sigma Chemical Co., St. Louis, MO) or 1 nM TCDD at the time of
plating, or after a delay of 24 or 48 hours relative to the time of plating. The culture medium
containing prolactin, hydrocortisone, and either vehicle or TCDD was replaced daily for 7-8
days. SCp2 cell morphology and differentiation- induced cluster formation was monitored
using an Olympus CKX41 inverted microscope. Cell cultures were photographed using the
Spot Insight Firewire 4 digital camera.

2.3 Preparation of SCp2 cell extracts
SCp2 cells were harvested using BD Cell Recovery Solution (BD Biosciences, San Jose,
CA) according to the manufacturer’s instructions. Protein extracts were prepared for
immunoblot analyses. Briefly, extraction buffer (25 mM HEPES pH 7.4, 5 mM MgCl2, 1
mM EDTA, 1mM dithiothreitol, 0.1% Triton X-100, and protease inhibitors) was added to
harvested cells and samples were incubated on ice for 20 min. Samples were then
centrifuged at 14K RPM, at 4°C, for 20 min. Sample supernatants were removed for analysis
and/or storage.

2.4 Immunoblotting
Proteins were fractionated on either 8% or 10% polyacrylamide gels and transferred to
PVDF membrane (PerkinElmer, Waltham, MA). Membranes were probed with antibodies
specific for ß-casein (1:1000 or 1:500; M. Bissell or Santa Cruz Biotechnology, Santa Cruz,
CA, respectively), AhR (1:2500; BioMol, Plymouth Meeting, PA), CYP1B1 (1:500; Santa
Cruz Biotechnology, Santa Cruz, CA), E-cadherin (1:2500; BD Biosciences, San Jose, CA),
phosphorylated STAT5A/B (pSTAT5A/B, 1:500; Millipore, Billerica, MA), STAT5 (1:500;
Santa Cruz Biotechnology, Santa Cruz, CA), or actin (1:5000; Sigma Chemical Co., St.
Louis, MO) overnight at 4°C. Each membrane was then probed with the appropriate
horseradish peroxidase (HRP)-conjugated secondary antibody, and proteins were visualized
using Western Lightning chemiluminescent substrate (Perkin Elmer, Waltham, MA) and
film exposure. Immunoblot films were scanned and blot band density was analyzed using
ImageJ v.1.38x.

2.5 Statistics
Student’s t-tests or 1-way ANOVA were used to evaluate immunoblot densitometry data
(GraphPad Prism 4.0). Results were considered statistically significant at p<0.05. Results are
expressed as mean ± standard error of the mean (SEM). Sample sizes are indicated in the
figure legends.

3. Results
3.1 Activation of AhR by TCDD reduces the expression of β-casein both in vivo and in vitro

Mouse whole mammary tissue harvested at day 17 of pregnancy (Fig. 1A) and differentiated
SCp2 cells collected after 8d in culture (Fig. 1C) were subjected to immunoblot analyses,
revealing reduced levels of β-casein protein following exposure to TCDD. Densitometric
analysis of immunoblots indicated significantly reduced β-casein expression after TCDD
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exposure in both mammary tissue (Fig. 1B, p<0.05) and SCp2 cells (Fig. 1D, p<0.05). When
the addition of TCDD to SCp2 cell cultures was delayed by 24h or 48h relative to the time
of plating, the effects of TCDD on the suppression of β-casein induction were lessened (Fig
1E and F). This indicates that very early exposure to TCDD during differentiation of
cultured mammary epithelial cells is required for the most profound suppression of β-casein
production.

3.2 Differentiating SCp2 cells exposed to TCDD show reduced alveolar-like structure
formation

SCp2 cells induced to differentiate with lactogenic hormones were exposed to vehicle (0.1%
DMSO) or TCDD (1 nM) for 8d. Cells were photographed early following plating and
exposure to TCDD (24h), and just prior to harvest (8d) (Fig. 2). At both early and late time
points, cells exposed to TCDD appeared to undergo less cell clustering, and formed fewer
and smaller alveolar-like structures compared to vehicle-exposed control cells.

3.3 AhR is expressed and transcriptionally active in the mouse mammary gland and SCp2
cells in culture

Immunoblot analyses of mouse mammary tissue collected at day 17 of pregnancy (Fig. 3A)
and of differentiated SCp2 cells harvested after 8d in culture (Fig. 3B) demonstrate strong
expression of AhR protein. AhR protein levels decline following exposure to TCDD in both
model systems. Furthermore, undifferentiated SCp2 cells harvested after 24h of exposure to
TCDD (Fig. 3C) show increased expression of the AhR target gene CYP1B1. TCDD
treatment also induces cyp1a1 and cyp1b1 gene expression in mammary tissue of virgin and
pregnant mice (Fig. 3D), further supporting functional activation of AhR in this tissue, and
parallel effects of AhR activation on cultured mammary epithelial cells and whole tissue.

3.4 Exposure to TCDD reduces the expression of E-cadherin both in vivo and in vitro
Mouse whole mammary tissue harvested at day 17 of pregnancy (Fig. 4A) and differentiated
SCp2 cells collected after 8d in culture (Fig. 4C) were subjected to immunoblot analyses,
showing reduced levels of E-cadherin protein following exposure to TCDD. Densitometric
analysis of immunoblots (Fig. 4B and D) indicate significantly reduced E-cadherin
expression after TCDD exposure in whole mammary tissue (Fig. 4B, p<0.05).

3.5 Exposure to TCDD reduces the level of STAT5 phosphorylation in mammary glands
during pregnancy

Immunoblot analyses of mouse whole mammary tissue harvested at day 17 of pregnancy
show reduced levels of phosphorylated STAT5 (pSTAT5) protein following exposure to
TCDD (Fig. 5A). The levels of total STAT5 protein were not altered by TCDD exposure.
Densitometric analysis of immunoblots indicates a significant reduction in STAT5
phosphorylation after TCDD exposure (Fig. 5B, p<0.05) with no change in total STAT5
expression (Fig. 5C).

4. Discussion
Our results describe a new in vitro model to examine the effects of TCDD on mammary
epithelial cell differentiation and reveal defects in molecular pathways critical for normal
mammary gland function. To demonstrate a functional mammary epithelial cell culture
model, we first confirmed that milk protein expression, represented by β-casein protein
levels, is reduced in SCp2 cells following TCDD exposure. Importantly, this reduction in β-
casein expression in mammary epithelial cells parallels that observed in the mammary
glands of mice exposed to the same toxicant during pregnancy. AhR is expressed in the
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mouse mammary gland and both cyp1a1 and cyp1b1 are induced by TCDD in this tissue.
Through experiments to determine whether the disruptive effects of TCDD on mammary
epithelial cell function in vitro could be the result of AhR activation, we confirmed
expression of both AhR and the TCDD-induced AhR target gene CYP1B1 [34, 35] at the
protein level in SCp2 cells. An additional indication of AhR activation by TCDD is the
reduction in AhR protein levels in both whole mammary gland and SCp2 cells in culture
following TCDD exposure. Ligand-induced activation of ubiquitin-dependent proteosomal
degradation of AhR has been characterized in other model systems and is a hallmark
downstream effect of transcriptional activation of AhR by TCDD [36, 37]. Finally, the
changes in cultured mammary epithelial cell morphology following TCDD exposure is
another indication of disrupted development of alveolar-like structures and mirrors the
defects in late-stage alveolar development observed in mouse mammary glands following in
vivo exposure to TCDD [22].

The toxic effects of exposure to environmental contaminants are often linked to the timing
of the exposure. Timing is particularly important in tissues during periods of development,
which typically involve widespread cell proliferation, apoptosis, and tissue reorganization,
as well as structural and functional differentiation. Virgin female rodents prenatally exposed
to TCDD have persistent mammary gland abnormalities as well as predisposition to
mammary cancer as adults [38-41]. In the adult, few tissues undergo the same level of
development and differentiation that occurs during fetal development. The exception to this
is the mammary gland, which undergoes extensive development at the onset of pregnancy,
producing a functional milk-producing structure for the nourishment of offspring. It is the
later stage of epithelial cell clustering and differentiation to form the milk protein-producing
alveolar structures [26] that is modeled by prolactin and hydrocortisone treatment of SCp2
cells in culture [29]. Few studies have initiated exposure to AhR ligands at the onset of
pregnancy, or in conjunction with hormonal treatment to model the effects of pregnancy, for
the purpose of analyzing effects on lobuloalveolar development and lactation in the exposed
dam [22, 24]. Our model of TCDD exposure using SCp2 cells allowed variation in the
timing of exposure while focusing the analysis on effects that occur in epithelial cells. We
found that delaying addition of TCDD reduced the detrimental effects of exposure on the
functional differentiation of mammary epithelial cells in culture. Our results suggest that a
window of time very early in the process of alveolar development and functional
differentiation contains critical molecular signaling events that are disrupted upon activation
of AhR by an exogenous ligand. An alternative explanation is that decreased β-casein is due
to the duration of TCDD treatment, not absence of AhR-mediated signals during early stages
of cellular differentiation. However, the critical cellular and morphological changes occur
within 3 days of plating on Matrigel and induction with lactogenic hormones [30]. With
TCDD-exposure initiated prior to accumulation of significant levels of β-casein protein and
continued exposure for at least 5 days, cultures with delayed addition of TCDD are able to
produce and accumulate β-casein. This supports the idea of an early window of exposure
during which AhR activation is able to interfere with the production and/or accumulation of
milk protein in SCp2 cells.

Lactogenic differentiation occurs during mid-pregnancy in the mouse, beginning when
epithelial cell clusters, or alveoli, form at the ends of the mammary ducts. In late pregnancy,
the alveoli become dilated due to pressure from milk protein secretions produced by the
functional alveolar epithelial cells [26]. E-cadherin is a cell adhesion molecule critical for
the formation of epithelial cell layers as well as the polarization and function of epithelial
cells that make up various tissues, including the mammary gland [42]. Deletion of E-
cadherin in a knockout mouse model resulted in embryonic lethality [43]; therefore,
alternative methods have been used to study the specific function of this protein in the
mammary gland. Transgenic expression of a truncated form of E-cadherin lacking its
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extracellular domain resulted in a dominant-negative effect on cell-cell adhesion, cell
polarity, and cell-matrix interactions that disrupted the structure and function of the fully
differentiated mammary epithelium [44]. Additionally, a conditional knockout of the E-
cadherin gene in differentiating alveolar epithelial cells of the mammary gland resulted in
dramatic reduction in milk protein production with concomitant loss of prolactin-induced
STAT5a activation [45]. Activation of STAT5a, a protein essential for pregnancy-induced
mammary gland development and lactogenesis [33, 46], is necessary for maximal
transcription of multiple milk protein genes [47-49]. Thus, our observation that E-cadherin
levels and STAT5 activation are altered by TCDD activation of AhR in the mammary gland
and mammary epithelial cells in culture is of interest. E-cadherin protein levels are reduced
following TCDD exposure in the MCF-7 breast cancer cell line [50], however this is the first
study showing the same effect in untransformed mammary epithelial cells and mammary
glands from exposed mice. The lack of cell clustering and fewer, as well as smaller,
alveolar-like structures observed in SCp2 mammary epithelial cells in our experiments may
then result from the loss of cell-cell adhesion due to the reduction in E-cadherin expression.
In addition to fewer clusters forming, the loss of E-cadherin expression may affect cell-cell
signaling, limiting cellular polarization and differentiation that ultimately reduces the ability
of these cells to produce β-casein and other milk proteins.

In parallel with the reduced levels of E-cadherin, which is linked with reduced activation of
STAT5 in vivo [45], our studies show altered post-translational modification of STAT5 in
the mammary glands of mice exposed to TCDD throughout pregnancy. STAT5 is
functionally activated by phosphorylation [51], and our results show reduced
phosphorylation of STAT5 following TCDD exposure, with no alteration in total levels of
STAT5 protein. Once activated, STAT5 dimerization and nuclear translocation prepares this
transcription factor for binding to promoter regions of target genes [52, 53]. Less
phosphorylation, and therefore less activation, of STAT5 may result in reduced induction of
transcription of the β-casein gene as well other milk-protein target genes, ultimately
resulting in overall suppression of milk-protein expression. The paucity of putative AHREs
in the upstream promoter region of the β-casein gene itself makes it an unlikely candidate
for direct transcriptional regulation by TCDD-activated AhR. However, the alterations we
observed in STAT5 phosphorylation in the mammary gland after exposure to TCDD raise
the possibility that AhR regulates expression of kinases responsible for the activation of
STAT5. The kinase JAK2 is a component of the well-characterized JAK-STAT signaling
pathway leading to β-casein protein expression [51, 54], and is responsible for
phosphorylation-mediated activation of STAT5 during mammary gland development and
differentiation in pregnancy. JAK2 is also a phospho-protein [55], and it is possible that
activation of AhR signaling by TCDD inhibits the phosphorylation of JAK2, alters the total
amount of JAK2 protein present in the mammary gland, or impacts molecular targets
upstream of the JAK-STAT pathway.

We have reported that reduced β-casein production and alterations in the morphology of
differentiating SCp2 mammary epithelial cells exposed to TCDD mirror the disrupted
mammary gland structure and function observed in vivo. Thus, we have described a new in
vitro model for examining the molecular mechanisms by which AhR ligands disrupt normal
mammary epithelial cell differentiation and function. Additionally, very early exposure to
TCDD during differentiation of cultured mammary epithelial cells is required for the most
profound suppression of β-casein production. This suggests that inappropriate activation of
AhR during a critical window of time at the onset of alveolar differentiation disrupts
molecular signaling pathways that control β-casein expression. Finally, our data suggest that
AhR activation by TCDD disrupts mammary gland differentiation by altering expression
and post-translational modification of proteins critical in the initiation and maintenance of
the functional capacity of the gland during pregnancy. The xenobiotic AhR ligand TCDD
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and other dioxin-like compounds are the byproducts of industrial processes, and are found in
all humans, with higher levels in those living in industrialized nations [56]. Exposure to
these ubiquitous environmental contaminants, combined with cumulative effects from the
build-up of these chemicals in fatty tissues, make real the possibility for AhR-mediated
disruption of mammary development in women during pregnancy. Continued research is
necessary to examine the effects of these toxicants on mammary development in humans
and wildlife populations, to monitor environmental exposure levels, and to determine
relevant exposures to inform the planning of subsequent experimental analyses. Meanwhile,
further elucidation of the mechanisms involved in the toxic effects of TCDD exposure using
both in vitro and in vivo experimental models is critical for understanding the effects of
dioxin exposure and the cellular signaling pathways that are targets of AhR in the mammary
gland.
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Fig. 1.
β-casein protein expression following TCDD exposure both in vivo and in vitro. Induction of
β-casein is reduced in the mammary gland at day 17 of pregnancy (A) and in differentiated
SCp2 cells (C) after exposure to TCDD. The bar graphs (B and D) depict results of
densitometric analysis. Data represent mean ± SEM (n=3-4; *p<0.05 compared to vehicle
control). Mammary gland: VEH (peanut oil), TCDD (5 μg/kg). SCp2 Cells: VEH (0.1%
DMSO), TCDD (1 nM). Delayed addition of TCDD to SCp2 cell cultures reduced effects of
TCDD on the suppression of β-casein induction (E and F). Data represent mean ± SEM
(n=2; p<0.01, a vs b and a vs c; p<0.05, b vs c). h, hours; t0h, t24h, t48hindicate the time of
first exposure to TCDD. Results are representative of at least two independent experiments.
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Fig. 2.
Morphology of differentiating SCp2 cells exposed to TCDD. Photomicrographs of SCp2
cells, induced to differentiate and exposed to vehicle (0.1% DMSO) or TCDD (1 nM), were
taken at 24h and 8d after plating. Reduced alveolar-like structure formation is observed after
TCDD exposure. Images of the 8d cultures were obtained using both low (20X) and high
(40X) magnification objective lenses. h, hours; d, days.
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Fig. 3.
AhR and CYP1B1 expression in mammary tissue and SCp2 cells following TCDD
exposure. AhR protein expression is evident in the day of pregnancy (DP) 17 mammary
gland (A) and in differentiated SCp2 cells (B), with reduced expression following exposure
to TCDD. SCp2 cells analyzed 24h after exposure to TCDD show increased expression
CYP1B1 protein (C). Cyp1a1 and cyp1b1 gene expression is induced in mammary glands
from both virgin and pregnant mice exposed to TCDD (D). Age-matched virgin mice (n=2/
group) were treated with two doses of vehicle or TCDD administered 9 and 2 days prior to
sacrifice. Impregnated mice were treated with vehicle or TCDD (n=3/group) on DP0 and
DP7, and glands were collected for analysis on DP9. The graph depicts the average fold-
change in gene expression in TCDD-exposed mammary glands relative to mammary glands
from vehicle-treated control virgins or DP9 dams (expression in TCDD sample/expression
in VEH sample). Statistical comparisons were made using original expression data, and
mean gene expression was significantly different between vehicle-treated and TCDD-treated
mammary glands in both virgin and DP9 groups (p<0.05). Mammary gland: VEH (peanut
oil), TCDD (5 μg/kg). SCp2 Cells: VEH (0.1% DMSO), TCDD (1 nM).
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Fig. 4.
E-cadherin levels following TCDD exposure both in vivo and in vitro. Expression of E-
cadherin protein is reduced in the mammary gland at day 17 of pregnancy (A) and in
differentiated SCp2 cells (C) after exposure to TCDD. The bar graphs (B and D) depict
results of densitometric analysis. Data represent mean ± SEM (n=3-4); p-values indicate
comparison to vehicle control. Mammary gland: VEH (peanut oil), TCDD (5 μg/kg). SCp2
Cells: VEH (0.1% DMSO), TCDD (1 nM). Results are representative of at least two
independent experiments.
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Fig. 5.
Levels of STAT5 phosphorylation in TCDD-exposed mammary glands during pregnancy.
Expression of pSTAT5 is reduced in the mammary gland at day 17 of pregnancy, while
expression of total STAT5 is unchanged, after exposure to TCDD (A). The bar graphs (B
and C) depict results of densitometric analysis. Data represent mean ± SEM (n=3-4; *p<0.05
compared to vehicle control). Mammary gland: VEH (peanut oil), TCDD (5 μg/kg). Results
are representative of two independent experiments.
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