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Workshop findings: Research priorities and recommendations

Relationship between altered MG development and later life outcomes (lactation and cancer):

Develop models for evaluating and quantifying altered susceptibility to carcinogens, and
determine the features of altered MG development that are influential.

Characterize the relationships between altered MG development and impaired lactation.

Develop sensitive exposure measures for hormones and growth factors that regulate MG
development, including total steroid hormone (estrogen and progesterone) levels/activity,
tissue-specific (liver, ovary, MG) endogenous steroid hormone (estrogen and progesterone)
levels/activity.

Identify early biomarkers of MG cancer effects (e.g., hyperplasia, immunohistochemical
markers, MG-specific gene markers, presence of nodules and bridging, changes in hormone
levels, changes in hormone receptor levels, receptor sensitivity, effects on stromal-epithelial
interactions) by utilizing banked MG tissue blocks, serum samples, and other stored tissues
from longer term studies that observed MG tumors.

Evaluate epigenetic changes in mammary epithelium and stroma following prenatal
exposures to better understand early life programming.

Evaluate the relationship between early life EDC exposure with later life outcomes in
epidemiologic studies (e.g., lactational insufficiency, male and female breast cancer, male
gynecomastia).

Consider use of transgenic mouse models for specific human breast cancer phenotypes or
further understanding of male breast cancer (e.g., Her2, P450 aromatase)

Chemical toxicity testing and risk assessment:

Complete development and validation of MG whole mount protocol to support consistent
reporting of effects on MG growth and development.

Perform studies using the MG whole mount evaluation in parallel with other EDC-sensitive
endpoints (e.g., AGD, cyclicity, VO) for more EDCs to assess relative sensitivity. Include
assessment of male MG effects to provide insight on key mechanisms.

Add MG whole mount assessment to toxicity test guidelines such as OECD extended one-
generation reproductive toxicity and EPA pubertal protocols.

Evaluate adequacy of rodent model for identifying exposures that lead to impaired lactation;
develop additional more direct and sensitive endpoints for guideline studies.

Further characterize normal human breast development, especially during puberty.
Characterize normal development as well as perturbed development and carcinogenesis in
animal models and humans. Characterize differences in susceptibility between animal models
and humans and among humans.

Describe interaction of genetics, stress, diet, endogenous hormones and exogenous chemicals
as they influence MG development.

Measure or estimate internal dose in MG studies to improve understanding of tissue
distribution and pharmacokinetics of different EDCs known to affect MG development.

EDCs and Altered Mammary Gland Development - Supplemental Material 3



Supplemental Material Table 1 Description

Supplemental Material Table 1 is a systematic compilation of studies that have evaluated the effects of
hormone, dietary, or chemical exposures during the prenatal, neonatal, or peripubertal periods on
mammary gland development up to 10 weeks. It comprises 3 sub tables: part a describes experiments
evaluating female mammary glands after prenatal/neonatal exposures (GD 0-weaning); part b describes
experiments evaluating female mammary glands after peripubertal exposure (~PND 16-50), and part ¢
describes experiments evaluating male mammary glands after prenatal, neonatal, or peripubertal exposure.
This table includes several additional endocrine-sensitive endpoints that are commonly assessed, in order
to indicate relative sensitivity. Some of the papers listed may have reported mammary gland or other
effects after 10 weeks, or may have reported other endocrine effects that are not included in this table.
Based on an extensive PubMed literature review and examination of the citations in these papers, we
expect that this table is fairly comprehensive, although a few relevant studies may be missing.

EDCs and Altered Mammary Gland Development - Supplemental Material 4



Supplemental Material Table 1: Studies describing altered mammary gland development: a) females-in utero/perinatal exposure

. i Pubertal . )
Compound Study Animal ROE Posmg Doses MG effects . a Estrous AGD Ovarian wt Uterine wt Serum E2 Corpora lutea
interval timing cycle
Endogenous or pharmaceutical hormones
Diethylstilbestrol Doherty et al. CD-1 mouse P GD 9-26 0.01 mg/kg/d Altered protein expression, increased
(DES) 2010 histone methylation at PNW 6
Ninomiya et al.  Sprague Dawley SC PND O 0.0001 mg/kg/d Increased TEBs at PND 50 NC CL absent in some mice
2007 rat at PND 50
0.001 mg/kg/d " Altered CL absent in some mice
at PND 50
0.01 mg/kg/d Reduced TEBs at PND 50 Altered CL absent in some mice
at PND 50
0.1 mg/kg/d " Altered CL absent in some mice
at PND 50
Hovey et al. BALB/c mouse SC PND 1 0.0125 mg/kg Increased ductal outgrowth at PND 33
2005
Nikaido et al. Crj:CD-1 mouse SC GD 15-18 0.0005 mg/kg/d NCP Early NC CL absent in some mice
2004 at 4 weeks
0.01 mg/kg/d NC Early Altered wnd
Fielden et al. B6D2F1 mouse  Gavage GD 12-PND  0.0001 mg/kg/d NC NC
2002 20
0.001 mg/kg/d Increase in mammary length at PND 49 NC
0.01 mg/kg/d NC
Tomooka and  BALB/cCrgl mouse SC PND 1-5 0.0001 mg/kg/d  Reduced branching at PND 6 and PND 33
Bern 1982
0.002 mg/kg/d Reduced branching at PND 6
17b-estradiol Yin et al. 2006 ~ Sprague Dawley rat SC PND 2, 4,6 0.0001 mg/d NC NC NC
0.01 mg/d NC NC NC
Cabanes etal. Sprague Dawley rat SC PND 7-20 0.01 mg/d Reduced TEBs at PNW 8 Early NC NC NC
2004
Hilakivi-Clarke CD-1 mouse SC GD 15-20 0.02 mg/kg/d Increased TEB density by PND 46 Early NC NC
etal. 1998
Hilakivi Clarke ~ Sprague Dawley rat SC GD 14-20 0.00002 mg/d Increased cell density, TEBs at PNW 4; Early NC NC
etal. 1997b increased TEBs, reduced ABs by PNW 7
Hilakivi Clarke CD-1 mouse SC PND 0-2 0.002-0.004 mg/d Increased TEBs PND 25, 50, reduced
etal 1997a LAUs PND 50
Tomooka and  BALB/cCrgl mouse SC PND 1-5 0.005 mg/kg/d Reduced branching at PND 6, increased
Bern 1982 branching at PND 33
0.02 mg/kg/d "
Warner 1976 BALB/cCrgl mouse SC PND 1-5 0.025 mg/d NC
0.035 mg/d Increased size, branching at PNW 5
0.07 mg/d
EDCs and Altered Mammary Gland Development - Supplemental Material 5



Supplemental Material Table 1:

Studies describing altered mammary gland development: a) females-in utero/perinatal exposure

. i Pubertal . )
Compound Study Animal ROE Posmg Doses MG effects . a Estrous AGD Ovarian wt Uterine wt Serum E2 Corpora lutea
interval timing cycle
ICI 182,780 (ER Hilakivi-Clarke CD-1 mouse SC PNW 0-2 0.02 mg/kg/d  Increased epithelial cell density at PND 41,
antagonist) etal. 1997a increased TEBs, LAUs at PND 54
MER-25 Jean-Faucher Swiss mouse SC GD 13-18 5 mg/d Delayed development of nipple, mammary
(ethamoxytriphetol), etal. 1977 cord and adjacent mesenchyme;
an antiestrogen generalized athelia at GD 19
Tamoxifen Hovey et al. BALB/c mouse SC PND 1 0.00125 mg/kg NC
2005
0.025 mg/kg Reduced ductal outgrowth at PND 33
Hilakivi-Clarke CD-1 mouse SC GD 15-20 0.002 mg/d Increased epithelial cell area at PND 35, Early NC NC
etal. 1998 increased TEB density at PND 35, 46
Testosterone Tomooka and  BALB/cCrgl mouse SC PND 1-5 0.005 mg/kg/d Increased branching at PND 33
Bern 1982
0.02 mg/kg/d As above, and increased branching at
PND 26
5a-dihydro- Tomooka and  BALB/cCrgl mouse SC PND 1-5 0.02 mg/kg/d Increased ductal branching at PND 33
testosterone Bern 1982
5b-dihydro- Tomooka and  BALB/cCrgl mouse SC PND 1-5 0.02 mg/kg/d NC
testosterone Bern 1982
Transforming growth  Hilakivi Clarke CD-1 mouse SC PND 0-2 0.004 mg/d TEBs increased at PND 25, 35, reduced by
factor alpha 1997a PND 50; LAUs increased at PND 35 and
50
Dietary components
Biochanin A Yin et al. 2006 ~ Sprague-Dawley rat SC PND 2, 4,6 0.1 mg/d NC NC NC
10 mg/d Reduced TEB density at PND 35 NC NC
Flaxseed Tan etal. 2004 Sprague-Dawley rat  Diet PND 1-21 10% Increased TEBs, TDs at PND 21; reduced NC NC NC NC NC
TEBs at PND 50
(Secoisolari-ciresinol Tan et al. 2004 Sprague-Dawley rat  Diet PND 1-21 10% Reduced TEBs at PND 50 NC NC NC NC NC
diglucoside)
Flaxseed Ward et al. Rat Diet PND 1-21 10% Reduced TEB density at PND 50
2000
PND 1-50 10% Reduced TEB density, increased AB
density at PND 50
(Secoisolari-ciresinol Ward et al. Rat Diet PND 1-21 10% Reduced TEB density, increased AB
diglucoside) 2000 density at PND 50
PND 1-50 10% Reduced TEB density, increased AB,
lobule density at PND 50
Flaxseed Tou and Sprague-Dawley rat  Diet  GD 0-PND 21 5% Reduced TEB density at PND 50 Delayed NC NC NC
Thompson 1999 or -PND 50
Diet 10% Reduced TEB density, increased AB Early Altered Increased Increased
density at PND 50
(Flaxseed oil) Diet GD 0-PND 21 1.82% (equivalent NC NC NC NC NC
to 5% flaxseed)
(SDG) Gavage Equivalentto 5% Reduced TEB and AB density at PND 50  Delayed NC NC NC

flaxseed
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Supplemental Material Table 1: Studies describing altered mammary gland development: a) females-in utero/perinatal exposure

. i Pubertal . )
Compound Study Animal ROE Posmg Doses MG effects . a Estrous AGD Ovarian wt Uterine wt Serum E2 Corpora lutea
interval timing cycle
Genistein® Hilakivi-Clarke ~ Sprague Dawley rat  Diet GD 0-PND 0 150 ppm¢ NC NC
etal. 2002
300 ppm” Increased TEBs, reduced lobule density at Reduced
PNW 8 PNW 8
Delclos etal.  Sprague-Dawley rat  Diet GD7-PND50 5 ppm NC NC NC NC NC NC
2001 (both sexes)
25 ppm NC NC NC NC NC NC
100 ppm NC NC NC NC NC NC
250 ppm Hyperplasia, increased proliferation at PND NC NC NC NC NC
50
625 ppm As above, and increased TEBs at PND 50 NC NC NC NC NC
1250 ppm u NC NC NC NC Fewer and smaller
Fritz etal. 1998 Sprague Dawley CD  Diet  GD 0-PND 21 25 ppm Increased ratio of lobules:TEBs, fewer NC NC NC NC
rat lobules I at PND 50
250 ppm As above, and reduced TEBs, TDs at PND NC NC NC NC
21; reduced TEBs at PND 50
Padilla-Banks et CD-1 mouse SC PND 1-5 0.5 mg/kg/d Increased ductal elongation at PNW 6 NC
al. 2006
5 mg/kg/d Reduced branching at PNW 5, reduced NC
TEBs at PNW 6
50 mg/kg/d As above, and reduced TEBs at PNW 5 Altered
Nikaido et al. Crj:CD-1 mouse SC GD 15-18 0.5 mg/kg/d NC Early Altered
2004
10 mg/kg/d NC Early Altered Corpora lutea absent in
some mice at 4 weeks
Fielden et al. B6D2F1 mouse  Gavage GD 12-PND20 0.1 mg/kg/d NC NC
2002
0.5 mg/kg/d NC NC
2.5 mgl/kg/d NC NC
10 mg/kg/d NC NC
Hilakivi-Clarke CD-1 mouse SC GD 15-20 0.02 mg/kg/d Increased TEB density at PND 35, 46, Early NC NC
et al. 1998 increased epithelial cell area, reduced TD,
AB density at PND 35
Polyunsaturated fatty Hilakivi-Clarke — Sprague Dawley rat  Diet GD 0-PND O  16% calories from f f
acids (PUFA) et al. 2002 fat (n-6 PUFA)
16% calories from f f
fat (n-3 PUFA)
39% calories from Increased TEBs at PNW 3' Serum E2
fat (n-6 PUFA) lower in
PNW 8
39% calories from Reduced TEBs at PNW 8&' !
fat (n-3 PUFA)
Hilakivi Clarke ~ Sprague Dawley rat  Diet GDO0-PND O  43-46% calories Mammary fat pad area larger, TEBs and Early NC NC NC
etal. 1997b from corn oil (high epithelial cells denser at PNW 4, 7, 11;
n-6 PUFA)' ABs denser at PNW 11
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Supplemental Material Table 1: Studies describing altered mammary gland development: a) females-in utero/perinatal exposure

. i Pubertal . ]
Compound Study Animal ROE Posmg Doses MG effects . a Estrous AGD Ovarian wt Uterine wt Serum E2 Corpora lutea
interval timing cycle
Resveratrol Nikaido et al. Crj:CD-1 mouse SC GD 15-18 0.5 mg/kg/d NC NC Altered
2004
10 mg/kg/d NC NC Altered Corpora lutea absent in
some mice at 4 weeks
Zearalenone Nikaido et al. Crj:CD-1 mouse SC GD 15-18 0.5mg/kg/d  Accelerated alveolar differentiation at PNW Early Altered
2004 4
10 mg/kg/d As above, and retarded growth in mice Early Altered Corpora lutea absent in
lacking copora lutea some mice at 4 weeks
Hilakivi-Clarke CD-1 mouse SC GD 15-20 0.002 mg/kg/d Increased TEB density at PND 35; NC Altered NC
etal. 1998 increased epithelial cell, TD, AB density at postnatal
PND 46
Environmental chemicals
Atrazine Enoch 2007 Long Evans rat Gavage GD 15-19 0.09 mg/kg/d Stunted growth pattern at PND 25, 40, 60 NC NC Increased NC
(Atrazine (AMM)
metabolite 0.87 mg/kg/d As above, and stunted growth pattern at NC NC NC NC
mixture) (AMM) PND 4
8.73 mg/kg/d  Stunted growth pattern at PND 25, 33, 40, NC NC NC NC
(AMM) 60
100 mg/kg/d As above, and stunted growth pattern at NE? Altered NC NC
(atrazine) PND 4
Moon et al. Long Evans rat Gavage GD 15-19 100 mg/kg/d Reduced distance between glands at PND NC NC
2007 33
Rayner et al. Long Evans rat Gavage GD 13-19 (and 100 mg/kg/d  Delayed development, reduced MG size at  Delayed NC NC NC NC
2005 2-day periods PND 4-67 (effects seen after 2-day and 7-  (only after
within) day dosing) dosing GD
13-19)
Rayner et al. Long Evans rat Gavage  GD 15-19, 100 mg/kg/d Reduced size, immature ductal structures NC NC NC NC
2004 cross fostered PND 4; sparse branching, delayed
for lactation migration PND 22; reduced size, increased
TEBs PND 40
lactation only As above, and reduced size, increased Delayed NC NC NC
(dams dosed TEBs at PND 33, increased proliferation at
GD 15-19) PND 40
GD 15-19+ " Delayed NC NC NC
lactational
exposure
Bisphenol A Jenkins etal.  Sprague Dawley rat Gavage  PND 2-20 0.025 mg/kg/d NC NC NC NC
2009
0.25 mg/kg/d Increased cell proliferation, reduced NC NC NC
apoptosis in TEBs at PND 50
Moral et al. Sprague Dawley-CD Gavage GD 10-21 0.025 mg/kg/d Altered gene expression
2008 rat
0.25 mg/kg/d As above, and increased TDs at PND 21,
100, increased lobules 1 at PND 35
Durando et al. Wistar rat SC GD 8-23 0.025 mg/kg/d Reduced apoptosis in parenchyma and Early NC
2007 stroma
Murray et al. Wistar Furth rat SC GD 9-PND1  0.0025 mg/kg/d Increase in hyperplastic ducts NC NC
2007
0.025 mg/kg/d NC NC
0.25 mg/kg/d As above, and cribiform-like structures NC NC
1 mg/kg/d NC NC
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Supplemental Material Table 1: Studies describing altered mammary gland development: a) females-in utero/perinatal exposure

. i Pubertal . ]
Compound Study Animal ROE Posmg Doses MG effects . a Estrous Ovarian wt Uterine wt Serum E2 Corpora lutea
interval timing cycle
Bisphenol A Yin et al. 2006 ~ Sprague Dawley rat SC PND 2, 4,6 0.1 mg/d NC NC NC
10 mg/d Reduced TD and AB densities at PND 35 NC NC
Doherty et al. CD-1 mouse P GD 9-26 5 mg/kg/d Altered protein expression, increased
2010 histone methylation
Vandenberg et CD-1 mouse SC GD 8-18 0.00025 mg/kg/d  Accelerated growth, loss of intrauterine
al. 2006 positional effects at GD 18
Munoz-de-Toro CD-1 mouse SC GD 9-PND 4 0.000025 mg/kg/d Reduced apoptosis in TEBSs, increased PR NC
et al. 2005 expression at PND 30
0.00025 mg/kg/d  As above, and increased TEBs, reduced NC
proliferation in the stroma at PND 30
Nikaido et al. Crj:CD-1 mouse SC GD 15-18 0.5 mg/kg/d NC NC Altered CL absent in some mice
2004 at 4 weeks
10 mg/kg/d Accelerated alveolar differentiation at PNW Early Altered "
4 (in mice with corpora lutea)
Markey et al. CD-1 mouse SC GD 9-PND 19  0.025 mg/kg/d Altered pattern of cell division at PND 10
2001
0.25 mg/kg/d As above, and altered cell division at 1
month
Butyl benzyl phthalate  Moral et al. Sprague Dawley CD Gavage PND 2-20 500 mgrkg/d Changes in gene expression, cell NC Increased relative
2007 rat proliferation pattern (no change in numbers uterine weight PND 21,
of structures) no change thereafter
Dibutyl phthalate Lee et al. 2004 CD(SD)IGS rat Diet GD 15-PND 20 ppm Hypoplasia of alveolar bud at PND 21 NC NC
21
200 ppm NC NC
2000 ppm NC NC NC
10000 ppm Hypoplasia of alveolar bud at PND 21 NC NC
Dieldrin Foster et al. BALB/c mice Gavage GD 7-weaning  0.45 mg/kg/d NC NC
2008 (weekly)
2.25 mg/kg/d NC NC
4.5 mg/kg/d NC NC
Dioxin (TCDD) Jenkins et al. Rat Gavage GD 15 0.001 mg/kg NC
2007
0.003 mg/kg Altered protein expression (more proteins
evaluated than at low dose)
Fenton et al. Long Evans rat Gavage GD 15 0.001 mg/kg Delayed differentiation/development Delayed NC
2002
Brown et al. Sprague-Dawley rat Gavage GD 15 0.001 mg/kg  Increased TEBs, reduced lobules Il at PND  Delayed" Altered”" NC
1998 50
Nonylphenol Moon et al. Long Evans rat Gavage GD 15-19 10 mg/kg/d NC NC NC
2007
100 mg/kg/d NC NC Increased
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Supplemental Material Table 1: Studies describing altered mammary gland development: a) females-in utero/perinatal exposure

Compound Study Animal ROE Posmg Doses MG effects P.ub.ertal Estrous AGD Ovarian wt Uterine wt Serum E2 Corpora lutea
interval timing® cycle
PBDEs (DE-71,a Kodavanti et al. Long Evansrat ~ Gavage GD 3-PND 21 1.7 mg/kg/d NC NC males' NC males'
penta-brominated 2010
mixture) 10.2 mg/kg/d  Reduced outgrowth, lateral branches, TEB NC males' NC males'
development at PND 21
30.6 mg/kg/d " Delayed in NC males'
males'
PFOA White et al. CD-1 mouse Gavage GD 1-17, 3 mg/kg/d Delayed ductal elongation and TEB
2009 lactation appearance, reduced secondary and
tertiary branching at PND 22, 42, 63
5 mg/kg/d "
White et al. CD-1 mouse Gavage GD 1-17 5 mg/kg/d Reduced outgrowth and branching PND
2007 10, 20

AB: alveolar bud. AGD: anogenital distance. E2: estradiol. ER: estrogen receptor. FSH: follicle-stimulating hormone. GD: gestational day. LAU: lobulo-alveolar unit. LH: luteinizing hormone. PND:post-natal day. PNW: post-natal week. PR:
progesterone receptor. ROE: route of administration (SC= subcutaneous; IP= intraperitoneal.) TD: terminal duct. TEB: terminal end bud. TSH: thyroid-stimulating hormone.

2 pubertal timing: assessed as time of vaginal opening for females, preputial separation or testes descent for males.
"NC, no change: evaluated, but no significant changes observed. Changes may have been observed after PNW 10.
¢ due to the very large number of studies evaluating the mammary gland after genistein exposure, only a subset are presented in this table. See Warri et al. 2008 for review.
dall changes reported relative to control of 15 ppm.
€ no control group; all results reported are differences from every other group.
" control is 12%-16% calories from corn oil (low n-6 PUFA).

9 NE: not evaluated.
" unclear if significant.

! Pubertal timing and AGD measured only in males.
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Supplemental Material Table 1: Studies describing altered mammary gland development: b) females-pubertal exposure

Pubertal

Estrous

. N a ) .
Compound Study Animal ROE Dosing interval Doses MG effects timing cycle Ovarian wt Uterine wt Serum E2
Endogenous or pharmaceutical hormones
DES Odum et al. Noble rat SC 11 days starting at ~0.076 mg/kg/d (0.01  Increased lobules I, II, Ill, reduced TDs,
1999a PNW 5-6 mg/d) TEBs, cell cycle changes
Odum et al. Alderley Park SC 11 days starting at ~0.055 mg/kg/d (0.01 Increased lobules II, Il NC
1999b rat PNW 5-6 mg/d)
Gavage 0.075 mg/kg/d Increased lobules 1, 11, 1Il, reduced TDs, NC
TEBs
Colerangle Noble rat SC 11 days starting at 0.1 mg/kg/d Increased proliferation
and Roy PNW 4-5
1997
Colerangle Noble rat SC 11 days starting at 0.1 mg/kg/d Increased # cells, proliferation
and Roy PNW 4-5
1996
Brown and Sprague SC PND 23, 25, 27, 0.05 mg/kg/d Reduced TEBs, TDs, ABs, increased Increased Increased
Lamartiniere Dawley rat 29 lobules, increased cell proliferation in
1995 terminal structures
Estradiol Cotroneo et Sprague SC PND 186, 18, 20 0.0005 mg/kg/d Increased TEBSs, ductal branching, Increased
benzoate (E2) al. 2002 Dawley rat proliferation; reduced TDs
Dietary components
Conjugated Ip et al. 1999 Sprague Diet PND 23-55 0.8% : high-CLA butter Reduced MG epithelium density,
linoleic acid Dawley rat fat branching, TEB density, cell division in
0.8%: control butter fat "
+ Matrya CLA
0.8%: control butter fat "
+ Nu-Chek CLA
Flaxseed Tou and Sprague Diet PND 21-50 5% NC NC NC NC
Thompson Dawley rat
1999 10% NC NC NC NC
Genistein Santell et al. Sprague Diet PND 31-44 375 ppm NC NC
1997 Dawley rat
750 ppm NC NC
Murril et al. Sprague SC PND 16, 18, 20 500 mg/kg/dose Rapid development of gland, yielding more Early Altered
1996 Dawley rat differentiated structures, fewer
undifferentiated by PND 50
Santell et al. Sprague Diet PND 31-44 375 ppm NC NC
1997 Dawley rat
750 ppm NC NC
Brown and Sprague SC PND 23, 25, 27, 0.05 mg/kg/d Increased lobules, increased cell Increased Increased
Lamartiniere Dawley rat 29 proliferation in terminal structures,
1995 increased gland size
EDCs and Altered Mammary Gland Development - Supplemental Material 11



Supplemental Material Table 1: Studies describing altered mammary gland development: b) females-pubertal exposure

Compound Study Animal ROE Dosing interval Doses MG effects® Ptlij:]?r:;al Es;:;ss Ovarian wt Uterine wt Serum E2
Environmental chemicals
Bisphenol A Colerangle Noble rat SC 11 days starting at 0.1 mg/kg/d Increased lobules I, Il, number of cells,
and Roy PNW 5-6 proliferation
1997 54 mg/kg/d As above, and increased lobules Ill, TEBs
DDT (o-p) Brown and Sprague SC PND 23, 25, 27, 0.05 mg/kg/d Increased cell proliferation in terminal NC NC
Lamartiniere Dawley rat 29 structures
1995
Dioxin (TCDD) Brown and Sprague Gavage PND 25, 27, 29, 0.0000025 mg/kg/d Reduced TEBs, reduced cell proliferation Reduced Reduced
Lamartiniere Dawley rat 31 in TDs, lobules, reduced gland size
1995
Nonylphenol  Colerangle Noble Rat SC 11 days starting at 0.01 mg/d Increased cell proliferation and lobular
and Roy PNW 5-6 development, reduced TEBs, increased
1996 lobules 11, 11
7.12 mg/d Increased cell proliferation and lobular
development; reduced TDs, increased
lobules I, 11, 11l
Odum et al. Noble Rat SC 11 days starting at ~0.073 mg/kg/d (0.01 NC
1999a PNW 5-6 mg/d)
~53.2 mg/kg/d (7.1 NC
mg/d)
Odum et al. Alderley Park SC 11 days starting at ~0.052 mg/kg/d (0.01 NC NC
1999b rat PNW 5-6 mg/d)
~37.4 mg/kg/d (7.1 NC NC
mg/d)
Gavage 100 mg/kg/d Increased lobules |, reduced TEBs NC
PCBs Brown and Sprague Gavage PND 25, 27, 29, 0.025 mg/kg/d NC NC NC
(Arachlor Lamartiniere Dawley rat 31
1221/1254) 1995
PFOA Yang et al. BALB/c mouse Gavage 4 weeks starting at 0.1 mg/kg/d NC
2009 PND 21
1 mg/kg/d NC Delayed Reduced
5 mg/kg/d Inhibited growth/differentiation and No opening Reduced
proliferation by 7 weeks
10 mg/kg/d Inhibited growth/differentiation; proliferation No opening Reduced
not evaluated
Yang et al. C57BL/6 Gavage 4 weeks starting at 1 mg/kg/d NC NC Increased
2009 mouse PND 21
5 mg/kg/d Increased differentiation and proliferation No opening NC
10 mg/kg/d Inhibited growth/ differentiation No opening Reduced
& unless noted, all mammary gland evaluations in studies with pubertal dosing were conducted within 24 hours of the end of the dosing period.
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Supplemental Material Table 1: Studies describing altered mammary gland development: ¢) males-in utero/perinatal exposure

Compound Study Animal ROE Dosing interval Doses MG effects Pt?:.l?r:;al AGD Testes wt  Prostate wt Sperm dev
Endogenous or pharmaceutical hormones
Ethinyl estradiol NTP 2010 Sprague Dawley rat Diet  GD 0-PND 21 2 ppb NC
(see also or 50 NC
Latendresse et 10 ppb NC
al 2009) NC
50 ppb Ductal hyperplasia at PND 50 Reduced
(ventral)
MER-25 Jean-Faucher Swiss mouse SC GD 13-18 5 mg/d NC at GD 19
(ethamoxytriphetol), etal. 1977
an antiestrogen
Dietary components
Genistien You et al. 2002 Sprague Dawley rat Diet GD1-PND 22 300 ppm NC
800 ppm Increased branching, increased epithelial
proliferation at PND 22
Delclos etal. ~ Sprague Dawley rat Diet  GD7 - PND50 5 ppm NC NC NC NC NC NC
2001
25 ppm Hypertrophy at PND 50 NC NC NC NC NC
100 ppm " NC NC NC NC NC
250 ppm Hypertrophy and hyperplasia at PND 50 NC NC NC NC NC
625 ppm NC NC NC NC NC
1250 ppm " NC NC NC Reduced Abnormal
(ventral) spermatogenesis
Environmental chemicals
Antiandrogen mixture®  Rider et al. SD rats Gavage GD 14-18 25042 NC NC NC NC
2008
50%2 Retention of areolae at PND 13 NC NC NC
75%2 " Reduced NC NC
" Reduced NC Reduced
100%* (ventral)
Dibutyl phthalate  Lee et al. 2004 CD(SD)IGS rat Diet GD 15 - PND 20 ppm NC NC NC NC Reduced
21 spermatocyte
200 ppm NC NC NC NC
2000 ppm NC NC NC NC
10000 ppm Retention of nipples/areolae at PND 14 NC Reduced Reduced
Methoxychlor You et al. 2002 Sprague Dawleyrat  Diet GD1 - PND 22 800 ppm Increased area, branches, TEBs, LBs,

increased cell division in epithelium at PND

22

2 Rider et al. 2008 investigated the effects of a mixture of 7 antiandrogens. The highest dose comprised 150 mg/kg/d each BBP, DBP, and DEHP, 35 mg/kg/d prochloraz, 20 mg/kg/d linuron, and 150 mg/kg/d each vinclozolin

and procvmidone. Doses are reported as percentaaes of this hiahest dose.
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Supplemental Material, Table 2. Female mammary gland outcomes after developmental environmental exposures: rodent-human
concordance for selected agents (fully cited version of Table 1)

Human Study Animal Study
Environmental MG Outcomes MG Outcomes
Factor Development Lactation Cancer Risk Development Lactation Cancer Susceptibility
Hormonal « Earlier breast *Mid-pregnancy | ¢ Increased BC risk with | * Range of effects EE2: * Neonatal estrogen or
Milieu: development androgen levels | high birth weight or reported (see * Impaired androgen exposure
dosing associated with higher | inversely related | length, advanced Supplemental Material, lactation (assessed | increased MG tumors in
. birth weight to breastfeeding | maternal or paternal age, | Table 1) via pre-weaning MMTV+ mice (Lopez et
(animals) (Olivo-Marston etal. | at3and 6 decreased risk with pre- | (Cabanes et al. 2004; pup weights) with | al. 1988; Mori et al. 1976;
or surrogates 2010) months (Carlsen | eclampsia, eclampsia, Hilakivi-Clarke et al. continuous Mori et al. 1979)
(humans) « Earlier breast et al. 2010) twinning (reviewed in 1998; Hilakivi-Clarke et | exposure; no effect
development Xue and Michels 2007) al. 1997; Latendresse et if dosed only in
associated with higher « Childhood BMI al. 2009, and others) utero and through
BMI (Lee et al. 2007; inversely correlated with weaning (NTP
Rosenfield et al. 2009; BC risk (reviewed in 2010)
reviewed in Ruder et al. 2008)
Kaplowitz 2008)
DES * Mixed evidence: * Range of effects * Impaired * Gestational exposure

Palmer et al. (2006)
found increased BC risk

reported (see
Supplemental Material,

lactation in rats
exposed while

increased spontaneous MG
tumors in rats (Rothschild

after age 40 from in utero | Table 1) pregnant et al. 1987) and
exposure, while Verloop | (Fielden et al. 2002; (Browning et al. susceptibility to carcinogen
et al. (2010) found no Hovey et al. 2005; 1958) challenge
such association. Tomooka and Bern 1982, (Boylan and Calhoon 1979)
and others) L ower doses increased
susceptibility to carcinogen
challenge (Ninomiya et al.
2007); high dose decreased
MG tumors (Lamartiniere
and Holland 1992;
Ninomiya et al. 2007)
Genistein/soy « Lower urinary » Mixed evidence, some * Range of effects * Impaired * Exposure increased or

phytoestrogen
biomarker
concentrations

associated with earlier

breast development
(Wolff et al. 2008)

suggesting reduced risk,
especially from
childhood or adolescent
intake (Korde et al. 2009;
Lee et al. 2009; Nagata
2010; Trock et al. 2006;
Wau et al. 2008, and
others)

reported (see
Supplemental Material,
Table 1)

(Delclos et al. 2001;
Hilakivi-Clarke et al.

2002; Padilla-Banks et al.

2006, and others)

lactation (assessed
via pre-weaning
pup weights) in
offspring dosed in
utero through
weaning or
continuously (NTP
2008)

decreased susceptibility to
carcinogen challenge, risk
of spontaneous tumors,
depending on timing
(reviewed in Warri et al.
2008)
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Supplemental Material, Table 2. Female mammary gland outcomes after developmental environmental exposures: rodent-human
concordance for selected agents (fully cited version of Table 1) (continued)

Environmental
Factor

Human Study Animal Study
MG Outcomes MG Outcomes
Development Lactation Cancer Risk Development Lactation Cancer Susceptibility

DDT/DDE

* Mixed results
re: association
between
shortened
lactation, high
serum DDT/
DDE levels
(Cupul-Uicab et
al. 2008; Gladen
and Rogan 1995;
Rogan et al.
1987)

« Strong association with
blood DDT levels at first
birth in women who were
adolescents during peak
DDT use years (Cohn et
al. 2007)

«L_ittle evidence of
increased risk seen in
studies limited to adult
exposures (reviewed in
Brody et al. 2007)

* Range of effects
reported (see
Supplemental Material,
Table 1)

(Brown and Lamartiniere
1995)

No lactation effect
observed in rats
dosed 5 weeks pre-
weaning through
lactation
(Kornbrust et al.
1986)

Dioxins/furans
(TCDD/PCDD/
PCDF)

* High level of dioxin-
like activity in serum
associated with lower
likelihood of
completed breast
development (Den
Hond et al. 2002)

* Higher prenatal
and/or lactational
PCDD/F exposure
associated with
delayed initiation of
self-reported breast
development

(Leijs et al. 2008)

e Some analyses show
increased BC risk with
higher dioxin exposure
after an industrial
accident (Pesatori et al.
2009; Warner et al. 2002)
« Limited evidence of
increased risk from
occupational, other
exposures (reviewed in
Brody et al. 2007)

* Range of effects
reported (see
Supplemental Material,
Table 1)

(Brown et al. 1998;
Fenton et al. 2002; Lewis
et al. 2001)

* Impaired
lactation in dams
exposed while
pregnant (Lew et
al. 2009;
Vorderstrasse et al.
2004)

« Prenatal exposure
increases susceptibility to
carcinogen challenge in rats
(Brown et al. 1998;
Desaulniers et al. 2001)

Note: This table provides some examples of concordance between rodent and human studies for mammary gland effects. In some cases, findings are

mixed or conflicting. In human studies, exposure measures are often imprecise.

BC, breast cancer; BMI, body mass index; DDE, dichlorodiphenyltrichloroethylene; DDT, dichlorodiphenyltrichloroethane; DES, diethylstilbestrol;

DMBA, dimethylbenzanethrene; EE2,ethinylestradiol; MG, mammary gland; MMTV+, mouse mammary tumor virus-positive; PCDD,
polychlorinated dibenzo-p-dioxin; PCDF, polychlorinated dibenzofuran; TCDD, 2,3,7,8-tetrachlorodibenzo-p-dioxin
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