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Gut microbiota, health and disease

• “All disease begins in the gut” (Hippocrates, 
460-370 BC)

• “A lot of diseases begins in the gut” (Dennis 
S. Nielsen, 1977-?)

• In his 1910 book “The prolongation of life. 
Optimistic studies”  Metchnikoff suggested 
that aging is related to the influence of “bad” 
bacteria in the gut

• And that ingestion of lactic acid bacteria 
could alleviate this effect

• The “invention” of                                
the concept of                               
probiotic bacteria 
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What do we know today

• We know that the gut is densely populated! 
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What do we know today?

• We also know that is kind 
of complicated – here 
diet, gut microbiota and 
risk of colon cancer as an 
example
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What do we know today

• We also know that a (very) long list of diseases are 
connected (correlation, sometimes also causal link) to 
gut microbiome (GM) dysbiosis/imbalance

• Obesity, metabolic syndrome, type 2 diabetes 
• Asthma, eczema, type 1 diabetes (autoimmune 

diseases)
• Inflammatory bowel disease
• Colon cancer
• Cardiovascular disease
• Autism
• Liver disease
• Behaviour/depression 
• Etc. etc. 
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A good review:



Gut microbiota and obesity

• The fuzz about GM started with some obese mice 17 years ago

• Then it was shown that the obese GM has an increased capacity 
for energy harvest

• And that the obese phenotype is transferable with the GM
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Feel like it is difficult losing the kilos you gained 
during the Christmas holiday?

• “Yo yo” effect well described                                        
phenomenon in relation to 
weight loss
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Feel like it is difficult losing the kilos you gained 
during the Christmas holiday?

• “Yo yo” effect well described                                        
phenomenon in relation to 
weight loss

• It is not your fault. It’s the GM!
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Who, where and how many? 
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Mowat & Agace, Nature Rev. Immunol, 2014
Donaldson et al., Nature Rev. Microbiol, 2016

Helicobacter pylori

Enterobacteriaceae



The adult gut microbiome composition across the 
globe
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Smits et al., 2017; Science
Slide: Henrik Munch Roager

Bray-Curtis dissimilarity 
PCoA based on 2064 
microbial community 
compositions described at 
the family taxonomic level 
across populations

Distributions according to population

Distribution 
according to age

Burkina 
Faso

Peru

Tanzania 
- Hadza

Australia

USA

Ireland
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The gut microbiome digest our food (and your food strongly
influence the GM and its function!)
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BCFA, branched-chain fatty acids; 
SCFA, short-chain fatty acids;
TMA, trimethylamine; TMAO, 
trimethylamine-N-oxide
EEC, enteroendocrine cells; IEC, 
intestinal epithelial cells 
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Bacterial fermentation of dietary fibres (polysaccharides) 
leads to formation of short-chain fatty acids (SCFA)
Colonic fermentation of dietary fibres takes place in the colon
• Leads to formation of SCFA (acetate, propionate, butyrate) 
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SCFAs not covered in detail in this lecture as 
Prof. Kristin Verbeke will do this 11.45 today



Du bliver, hvad du spiser (you become what you eat)

High levels of TMAO (trimethylamine-N-oxide) in the 
blood is associated with increased risk of cardiovascular 
disease
• Driven jointly by diet and GM
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Du bliver, hvad du spiser (you become what you eat)

High levels of TMAO (trimethylamine-N-oxide) in the blood is 
associated with increased risk of cardiovascular disease
• Driven jointly by diet and GM
• Vegetarians and vegans do not form TMAO, as their GM has 

not been exposed to these substrates for a long time
• Some dietary components are able to limit TMAO-formation, 

e.g. resveratrol
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Du bliver, hvad du spiser (you 
become what you eat)

The protective effect of resveratrol against 
TMAO-formation is associated with GM 
changes

• Which in turn lower TMAO-formation
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Drug-gut microbiome interactions

• Similar to food-microbiota interactions, there 
are also many drug-microbiota interactions
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Drug-gut microbiome interactions
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Prof. Andrew Goodman will 
cover this in more detail this 
afternoon)



Digoxin and the GM

• Digoxin used treat atrial fibrillation and congestive heat 
failure.

• Mediated through binding of digoxin to a Na+/K+ ATPase 
transporter in cardiac myocytes…but:
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Digoxin and the GM

• Digoxin – a cardiac drug
• Inactivation is person-specific 

• And broad-spectrum antibiotics abolish inactivation => 
Inactivation is due to gut microbial activity
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Digoxin and the GM

• Digoxin – a cardiac drug
• Inactivation is person-specific 
• Broad-spectrum antibiotics abolish inactivation => 

Inactivation is due to gut microbial activity
• Eggerthella lenta identified as the “guilty”

• But strain specific
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Faeces from 
low-reducing 
spiked with 
different E. 
lenta strains



Digoxin and the GM

• Digoxin – a cardiac drug
• Inactivation is person-specific 
• Broad-spectrum antibiotics abolish inactivation => Inactivation 

is due to gut microbial activity
• Eggerthella lenta identified as the “guilty”

• But strain specific
• RNAseq identified a specific operon (cardiac glycoside 

reductase, cgr) where expression was +100-fold increased in 
faeces from individuals inactivating the drug in vitro and in vivo
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Active Inactive

If your GM is inhabited by 
cgr-positive E. lenta you need 
a much higher digoxin dose



Treatment of colon cancer – the influence of the GM

• GM dysbiosis might lead to disease
• And influence the efficacy of certain types of 

medicine
• ”Immune check-point inhibitors” (ICI) are a 

promissing class of new drugs for treatment of 
certain types of colon cancer

• But ICIs only benefit a fraction of the 
patients
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Treatment of colon cancer – the influence of the GM

• If certain species (A. muciniphila among others) there is a 
much higher chance, that the drug (ICI) works
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Treatment of colon cancer – the influence of the GM

• If certain species (A. muciniphila among others) there is a 
much higher chance, that the drug (ICI) works

• In mice the “responder” (drug works) and the “non-
responder” (drug does not work) phenotypes are 
transferable with GM
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Latest news from the ICI-frontier
• Fecal microbiota transplant saves the day again 

(for some)
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A 
pretty 
lucky 
guy!!



To sum up

• The gut microbiome plays an important role in 
health and disease

• Diet is the most important driver of GM 
development, composition and function

• But also other environmental factors 
important

• There are numerous drug-microbe interactions, 
that we are only beginning to understand

• But which you need to take into account, 
when developing new drugs, delivery systems 
etc. etc.  
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