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Endocrine System 

• The set of cells 
and organs that 
produce 
chemical 
“signals” called 
hormones. 

  
• Hormones 

travel in the 
bloodstream in 
order to reach 
their respective 
target cells. 
 



Hormones: endocrine messengers 

• Hormones travel in the bloodstream and thus 
reaching all the cells of the body. 

 

• Hormones act exclusively upon their target 
cells. 

 

• Target cells contain receptors that specifically 
recognize a particular hormone. 

 



Membrane receptor 

hormone 

receptor 



Intracellular (nuclear) hormone 
receptors 

The interactions between hormone receptor and DNA 
involve a network of cofactors. 
 



Endocrine System Functions 

• To maintain the constancy of the extracellular fluids 
(homeostasis). 

 

• To regulate the nutrient supply to all cells of the body. 

 

 

• To regulate development,  growth and reproduction. 



Endocrine System Functions 

• Organizational effects are for the most part 
irreversible: for example, effect of thyroid hormone on 
fetal and newborn brain development. 

 

• Activational effects are reversible upon removal of 
ligand/hormone: for example, the lining of the uterus 
thickens after exposure to estrogens and atrophies 
when estrogens are removed. 

 

 



The fragile fetus 



Congenital thyroid deficit 

Decreased levels of thyroid 
hormone 
 
 
Mental retardation 
Increased fat production 
 
 
Can be corrected by thyroid 
treatment early in life 

Age- 22 years 
Height –105 cm 



Myxedema 
(hypothyroidism) 
Low levels of thyroid hormone 
 



Endocrine Disruptors 

 Endocrine Disruptors are exogenous 
 chemicals, or mixture of chemicals, 

 that interfere with any aspect of hormone 
 action. 

Zoeller et al, Endocrinology, 153: June 25, 2012 



EDs in food, detergents, cosmetics, 

lawn care products, packaging, etc 

http://images.google.com/imgres?imgurl=http://img.epinions.com/images/opti/79/c1/Formula_409_Deep_Cleaning_Daily_Kitchen_Cleaner-resized200.jpg&imgrefurl=http://www.epinions.com/content_257246989956&h=202&w=200&sz=5&hl=en&start=10&tbnid=Vra2sK2cm1bVzM:&tbnh=105&tbnw=104&prev=/images?q=kitchen+cleaner&gbv=2&svnum=10&hl=en
http://images.google.com/imgres?imgurl=http://www.made-in-china.com/image/2f0j00fUEtvSarDuTlM/Super-Mould-Cleaner.jpg&imgrefurl=http://www.made-in-china.com/showroom/topmatch88/product-detailtAxnoXmrzUEl/China-Super-Mould-Cleaner.html&h=500&w=500&sz=98&hl=en&start=65&tbnid=Ro3zmYCQfOdKYM:&tbnh=130&tbnw=130&prev=/images?q=cleaner&start=54&gbv=2&ndsp=18&svnum=10&hl=en&sa=N


The fragile fetus 



Diethylstilbestrol (DES): a synthetic 

estrogen 

DES treatment was banned in in 

1971 in the US when it was found 

to cause clear cell carcinoma of 

the vagina in young women 

exposed during fetal development. 

DES was given to millions of 

pregnant women in the US 

between the years of 1948 and 

1971 with the purpose of 

preventing miscarriage. 



Fetal xenoestrogen syndrome  

• This syndrome was observed in humans exposed during fetal development to the 

synthetic estrogen diethylstilbestrol (DES). 

• DES was given to their mothers because it was (erroneously) believed to prevent 

miscarriage. 

• Women exposed before the 13th week of gestation developed clear cell 

carcinoma of the vagina (1/1000), a cancer that manifested after puberty/during 

early adulthood. 

• Additional anomalies: malformations of the oviduct and uterus, decreased 

reproductive success. 

• Increased risk of breast cancer at the age of prevalence  

 



DES, vaginal adenosis and clear cell carcinoma: 
down-regulation of RUNX 1 by DES 



 
Bisphenol-A (BPA) is the building block of 
polycarbonate plastic, a  component of other plastics 
and epoxy resins and as such is prevalent in our daily 
lives.  
 
BPA is one of the highest volume chemicals produced 
worldwide.  Over 8 billion pounds produced annually; 
100 tons released into the atmosphere/year.  
 

http://upload.wikimedia.org/wikipedia/commons/thumb/2/2c/Bisphenol_A-3d.png/800px-Bisphenol_A-3d.png


REPORTED EFFECTS OF FETAL/NEONATAL 

EXPOSURE TO “SAFE” LEVELS OF BPA INCLUDE:   

• Early puberty (menarchy) 

• Prostate changes 

• Altered mammary gland development 
• Changes in the uterus and ovary 

• Decreased fecundity/fertility 
• Changes in brain steroid receptor levels  

• Changes in behavior (hyperactivity, increased 
aggressiveness, altered sexual behavior, increased 
susceptibility to drugs of addiction).  

• Predisposition to cancer 
• Obesity 



Heat Map: Clustering 
analysis of E19 
mammary gland 
stroma.  

Stroma and 
Epithelium were 
separated by LCM. 
On the left axis, Red 
(KO animals) blue 
(WT) 



Exposure to 250 ng BPA/kg BW/day alters overall 
organization of the fetal MG 

Increased number of terminal ends 

Increased area subtended by ducts 

Increased ductal extension 

Delayed lumen formation 

BPA 

Ep 

CT 

PFP 

Accelerated maturation 
of the stroma, increased 
accumulation of fat 
droplets into fat pad 
adipocytes, altered 
collagen and tenascin 
deposition 

CONTROL 



Mammary gland development: 

 

control 250 ng/kg BPA 

A B 

 Control    BPA 

PR+cluster: 
site of lateral 
branching 

Lateral branching 

 Control       BPA 
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“Beaded” ducts: intraductal hyperplasias   



BPA induces ductal hyperplastic lesions and 
CIS in WF rats 

CONTROL 

Unconjugated serum BPA was detected only in the 250 μg/kg dose: 1.68 +0.74 ng/ml 



BPA increased the incidence of 
palpable mammary tumors in SD rats 

      whole mount         H&E section   



Science and applied science  

• Basic science (science for its own sake):  Living with uncertainty; 
there is always a new experiment to be done, a t to cross, an i to 
dot…100years from Galileo to Newton…time is not of the essence. 

 
• Medical Practice: Time is of the essence, physicians have to reach 

conclusions and act now to prevent/cure/or save a life.  
 
• Medical epidemiology: When testing a pharmacological agent the 

null hypothesis is chosen (no effect expected). Best to err on the 
side of a false-negative. 

 
• Public health epidemiology: When studying exposures to 

potentially harmful agents choosing the alternative hypothesis (a 
deleterious effect expected) is a sound practice.  Best to err on the 
side of a false-positive. 
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