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Learning Objectives 
• Describe how endocrine disruption alters  the developmental programming of 
the female reproductive tract through lasting epigenetic alterations

• Define how Xenoestrogens interfere with E3 action

• Identify the normal role of E3 in pregnancy





Implantation is 
Inefficient 
in Humans



Molecular Mechanisms of 
Endocrine Disruption 

• Mimic or block hormone action
• Alter production, metabolism or secretion
• Alter transport/ carrier protein binding or 

levels
• Alter receptor levels
• Alter receptor DNA binding or 

transcriptional activation
• Epigenetic alterations



Gore et al,  The Endocrine Society.   Introduction to endocrine disrupting Chemicals.





Environmental Endocrine Disruptors: 
Reproductive Health



•Interference with reproduction

•Developmental malformations

•Increased cancer risk

•Disturbances in the immune and 

nervous system function

Effects of Endocrine Disruption

EPA Feb 2024





Does Endocrine Disruption
 Affect Humans ?

Diethylstilbestrol
(DES)



DES



Introduction – DES

• Between the 1940s and 1960s, 
millions of women were treated 
with DES.

• Correlation between DES 
exposure in mothers and the 
occurrence of adenocarcinoma 
of the vagina reported in 1971.

• High incidence of anatomic 
abnormalities of the genital 
tract that adversely affected 
their reproductive capacity 





How Does DES Affect 
Müllerian Development ?





Taylor et al, Biol Reprod. 1997; 57:1338



Effect of DES on HOX 
Gene Expression



In adults DES is simply a “strong” estrogen.



DES Alters HOX Axis



Uterus Tube
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Estrogens



Bisphenol A
A “weak” estrogen in adults

• Endocrine disruptor
• Stimulates uterine 

growth approximately 
10-4 that of estradiol 
in adult animals. 



Sources of Exposure



Humans are widely exposed



In Fetal Development BPA, 
distinct and opposite from DES, 

increases uterine HOXA10 
expression



• While many xenoestrogens appear to be weak 
estrogens and vary only in potency, their effects 
are paradoxical when exposure occurs in utero.

• Persistent effects long after exposure.
• Not simply an estrogen agonist/antagonist effect.  



Epigenetic Alterations





Chromatin Modifications
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Hoxa10 methylation by DES

Bromer et al  Endocrinology,  2009l;150(7):3376-82



Methylation by BPA



Are there naturally occurring 
estrogens that play a role in 
epigenetic programming?

What do fetal estrogens tell us 
about endocrine disruption?



E3











Developmental programming 
by fetal estrogens



E3 Effect on Reproduction

Zhou Y et al, BMC Biol.2022;20(1):93



E3 Programming of Uterine 
Gene Expression

Zhou Y et al, BMC Biol.2022;20(1):93



Epigenetic Programming by E3

We identified 2252 genes 
that were significantly 
hypo-methylated and 2620 
genes were 
hypermethylated in the 
E3-treated group
 



E3 Effect on Behavior

Zhou Y et al, BMC Biol.2022;20(1):93



E3 Effect on Gene 
Expression in the Brain



Brain  Methylation

Zhou Y et al, BMC Biol.2022;20(1):93



Epigenetic modifiers bind directly to ER 
in a ligand dependant fashion.

LSD 1: Lysine specific demethylase;  SUZ12: Suppressor of Zeste;  CBP: CREB-binding protein; DNMT: DNA methyltransferase







Fetal Estrogens are SERMs 
that activate 

Epigenetic Programming

Epigenetic 
Modifiers

Endocrine Disruptors
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Rather than a weak estrogen as defined by 
its function as a canonical transcriptional 
activator, E3 could be a potent epigenetic 
modulator and influence developmental 
programming of the fetus.

Zhou Y et al.  BMC Biol. 2022; 20: 93.





Broader Issue:

• What role do the in utero environmental 
exposures play in the health of the next 
generation?



Presenter Notes
Presentation Notes
We CAN limit these exposures. women living in communities like Amish and Old Order Mennonites who grow their own food and shun plastics, these chemicals are either not present, or seen at very low levels.  



• Buy organic food products
• Avoid canned goods and BPA 

 containing plastics
• Buy safe skincare products 
• Use air and water filters





En d ocr in e  Dis r u p t or  # 1

BPA

Linked to:
Infertility
Breast cancer
Obesity
Heart disease
Early puberty
Behavioral 





En d ocr in e  Dis r u p t or  # 2  
Ph t h a la t e s





En d ocr in e  Dis r u p t or  # 3
At r a z in e
• Atrazine is a chlorinated triazine systemic herbicide that is used to 

selectively control annual grasses and broadleaf weeds before they 
emerge. Pesticide products containing atrazine are registered for use 
on several agricultural crops, with the highest use on field corn, 
sweet corn, sorghum, and sugarcane.



En d ocr in e  Dis r u p t or  # 4  
Or ga n op h osp h a t e

• Organophosphates are pesticides that target the CNS of insects
• Linked to brain development and reproductive defects 
• Can alter testosterone and thyroid signaling

Ways to avoid:
• Limit your exposure to all pesticides
• Buy organic foods



En d ocr in e  Dis r u p t or  # 5
Per flu or in a t ed  Ch em ica ls



www..ehhi.org
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