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• Breast cancer: a hormone-dependent malignancy

• Endocrine disruptors (EDs): mimic or antagonize 

endogenous hormones

• No conclusive evidence for ED-breast cancer 

relationship

Introduction



Challenges

• Window of susceptibility (WOS) not clearly 

elucidated in humans

• Experimental doses orders of magnitude higher than 

common human exposure  

• Testing one ED at a time



Overview of the Study
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Chemicals: diethyl phthlate (DEP), Methyl Paraben (MPB), Triclosan (TRC) and Mixture
Control:  Olive Oil

jia chen, 7/10/13



Diethyl Phthalates: plasticizer, found in personal care 
products (fragrances, shampoo, cosmetics and nail polish) 
and medicine/supplement pills. 

Methyl Parabens: antimicrobial preservatives in personal 
care products, cosmetics, pharmaceuticals, foods and 
beverages.

Triclosan: antimicrobial agent in personal care and 
household products ranging from toothpaste, deodorant, 
handsoap, kitchen utensils, toys, bedding, socks, etc. 
Mixture: antagonist or synergistic effects 

Endocrine Disruptors



DOSE CALIBRATION



Summary of Orally Administered ED Doses 

Diethyl Phthalate
(NOEL=1735 mg/kg)

Methyl Paraben
(NOEL=1050 mg/kg)

Triclosan
(NOEL=50 mg/kg)

NOEL / X Dose (mg/kg b.w.) Dose (mg/kg b.w.) Dose (mg/kg b.w.)

Vehicle only 
(olive oil) 0.0 0.0 0.0

NOEL/100,000 0.01735 0.0105 --

NOEL/10,000 0.1735 0.105 0.0005

NOEL/1,000 -- -- 0.005

NOEL/200 86.75 5.25 0.25

NOEL/100 17.35 10.5 0.05

NOEL/10 173.5 105.0 0.5

jia chen, 5/8/13



Parameter Chemicals

DEP MPB TRC MIX OIL(control)
N. of Female 
breeders 13 13 13 13 13

N. deliveries 11 (85%) 12 (92%) 13 (100%) 12 (92%) 12 (92%)

N. pups / dam 15.6 15.2 14.5 12.7 12.8

Percentage pups 
postnatal dead 26.9 20.1 24.5 21.8 10.9

N. pups dead 
/litter 4.3 3.8 3.6 2.8 1.4

Experimental Summary

jia chen, 5/8/13
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Gross Phenotypic Effects of EDs



Differential Gene Expression 
during Normal Breast Development

(Oil, FDR < 0.1)

Prepubertal vs. Prenatal Pubertal vs. Prenatal

No difference between neonatal and prenatal
jia chen, 5/8/13



1002 genes; 326 ↑ 676 ↓

Differential Gene Expression
during Normal Breast Development

(Oil, FDR < 0.1)
Prepubertal vs. Prenatal Pubertal vs. Prenatal

1262 genes; 578 ↑ 684 ↓

No difference between neonatal and prenatal
jia chen, 5/8/13



# differentially expressed genes by WOS

Chemicals P<0.05 FDR<0.05
DEP 4655 386
MPB 6055 749
TCS 7168 2448
MIX 6377 1788
OIL 7897 3116

One-way ANOVA

Differential Gene Expression
by Windows of Susceptibility
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# Differentially expressed genes by EDs

Windows P<0.05 FDR<0.05
Prenatal 3709 0
Neonatal 2346 0

Prepubertal 1040 0
Pubertal 1676 0

One-way ANOVA

Differential Gene Expression 
by Chemicals



Pathway Analysis
-Ingenuity Pathway Analysis

-Gene Set Enrichment Analysis



Cellular Development, Cellular Growth 
and Proliferation, Hematological 

System Development and Function 

Cell-To-Cell Signaling and Interaction, Cell 
Signaling, Nucleic Acid Metabolism 

Cell Morphology, Hematopoiesis, 
Humoral Immune Response
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Summary of Ingenuity Pathway Analysis

▶ OIL: Inflammation and Development

▶ DEP: Nervous system, Metabolism, Development

▶ MPB: Cancer, Development, Nervous System

▶ TCS: Cancer, Development, Inflammation, Endocrine 
System, Reproductive System

▶ MIX: Cancer, Development, Endocrine System, 
Metabolism, Reproductive System



jia chen, 5/8/13

• Validation in human studies

• microRNAs

• Inflammations

• Effects on other organs: brains, thyroids, ovaries

• Microbiome

Future Works……
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DEP MPB MIX OIL TCS

Biodiversity of Gut Microbiome
in Parous Rats



Overall microbiota dissimilarity of parous rats grouped by  
ED exposures

2A. NMDS analysis using Unweighted UniFrac distance matrix.

2B. NMDS analysis using Weighted UniFrac distance matrix.

p=0.002 p=0.001 p=0.001 p=0.005

p=0.016 p=0.1 p=0.001 p=0.014
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p < 0.05 FDR < 0.05

OIL 1117 0

DEP 2081 0

MPB 3424 1

TCS 1355 0

MIX 2692 2

Differential Gene Expression by EDs
Parous vs. Nulliparous



p < 0.05 FDR < 0.05

NULLIPAROUS 3473 0

PAROUS 3208 0

Differential Gene Expression by Parity 
Among EDs



p < 0.05 FDR < 0.05

Between Windows of 
Susceptibility 5041 470

Between EDs 5826 1371

Interaction 2081 0

Differential Gene Expression 
ED x Parity Interaction



Metabolic Disease, Renal and Urological 
Disease, Developmental Disorder 
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Cellular Development, Cellular Growth and 

Proliferation, Hematological System Development 
and Function 

Cell-To-Cell Signaling and Interaction, 
Cell Signaling, Cellular Movement



Cellular Function and Maintenance, 
Molecular Transport, Cardiovascular 
System Development and Function
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Neurological Disease, Cellular Compromise, 
Cellular Development

Protein Synthesis, Embryonic 
Development, Organ 

Development



Neurological Disease, Cellular 
Development, Nervous System 

Development and Function
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Cell-To-Cell Signaling and Interaction, 
Cellular Assembly and Organization, Cellular 

Function and Maintenance

Cellular Function and Maintenance, 
Molecular Transport, Cardiovascular 

Disease


