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• Research questions:  

– relationship between enterolactone and asthma?  

– nature of this relationship? 

• Sources: diet, gut microbiome 

• Inverse associations with chronic diseases 

• Bioactivity: effects on inflammation, oxidation,  

and sex hormone receptors 

• Inverse association with asthma in NHANES 

Overview



Enterolactone is a diet-derived, human gut 
microbial metabolite.  

-- Associated with asthma?  

-- Causality?

Main research questions



Dietary sources

Fruits

Apricots, prunes, peaches dates, berries, apples, oranges

Vegetables
Squash, carrots, zucchini, broccoli, cabbage, Brussels sprouts, 
collards, kale, white potatoes

Breads,	Cereals,	Starches
Wheat, rye

Beverages
Red wine, coffee, tea

Nuts,	Seeds,	Miscellaneous

Flaxseed,	sesame	seed, sunflower seed, almonds, cashews, 

chestnuts, pistachios, soy, chick peas

French 2007, Lin 2013, Milder 2005, Thompson 2006



Human gut microbial metabolism, and distribution in the 
population

Adlerkreutz 1986, Cardet 2015, Clavel 2007

Antibiotics reduce 
excretion to zero; 
remains persistently 
zero in some 

‘Low’ vs. ‘High’  
enterolactone  
producers



Inverse associations with chronic diseases

Hormone- 
related  
cancers 
(breast,  
endometrial, 
prostate)

Cardiovascular  
disease

ENTEROLACTONE

Lung cancer

(-)

(-)

(-)

Adlercreutz 1997, Hedelin 2006, Schabath 2005



Bioactivity

Effects on inflammation

In vitro 
• Inhibits NFκB in human PBLs and TNF-a in THP-1 cells 

 (Corsini 2010) 
In vivo  
• Reduction in pulmonary inflammation in ALI—hyperoxia, acid 

instillation, and radiation—in mice fed flaxseed diets 
 (Christofidou-Solomidou 2011, Kinniry 2006, Lee 2009) 

Cross-sectional observational human studies 
• Inverse association with systemic CRP levels (NHANES database) 

• (Eichholzer 2014) 



Bioactivity (cont.)
Effects on oxidation

In vitro 
• Direct oxygen radical scavenger (Kitts 1999) 

• Inhibitor of lipid peroxidation (Hu 2007) 
• Inducer of the anti-oxidant protein heme-oxygenase 1 (HO1)  

(Kivela 2008) 

In vivo  
• Reduction in lung peroxidation levels (Kinniry 2006) 

• Upregulation HO1 and NADPH quinone oxidoreductase-1 (NQO1)  
(Lee 2008)   

Cross-sectional observational human studies 
• Inverse association between serum ETL and isoprostane F2 (isoF2) 

(Vanharanta 2002) 

Interventional pilot studies in humans 
• Reduction in isoF2 in a subset of patients with CF  

(Turowski 2015) 



Bioactivity (cont.)

Effects on sex hormone receptors

• Effects on estrogen receptors 
• Tissue-specific estrogen receptor (ER) modulator 

• Weaker agonist than estrogen  
• ERα > ERβ 
• Activates cell cycle regulators Cyclin D and Ki67  

without inducing epithelial cell proliferation 
(Penttinen 2007) 



Summary 1

• Enterolactone: 

• Dietary (flaxseed, sesame, others)  
+ human gut microbiomial metabolism  

• Epi studies on inverse associations with chronic diseases 

• Bioactivity: unclear mechanism 
• Inflammation (NFκB, TNFa) 
• Oxidation (Anti-peroxidation, inducer anti-oxidant proteins, 

scavenger)  
• Tissue-selective estrogen receptor modulator 



Microbiome and asthma

• Gut microbiome, antibiotics and asthma 
 (Garn 2013) 

• Microbial metabolomics and atopic diseases (e.g. short chain 
fatty acids) 

  (Nicholson 2012, Tremaroli 2012)



NHANES database

• Nationally-representative dataset 

• Free, publicly available 

• 2003-2010 

• 9,633 participants ages 6-85yo



Inverse association with asthma



Inverse association with asthma (cont.)

Cardet 2015



Inverse association with asthma (cont.)

Cardet 2015



Summary 2

• Concentration-dependent association between 
a bacterial metabolite of diet-derived lignans 
and asthma and wheezing in a large, nationally 
representative population-based sample.  
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