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Some key elements
• Textbooks

– Colon absorbs water and propels feces

• Historical aspects
– Ancient Egypt
– Methnickoff and Arbuthnot‐Lane
– Hurst

• Today´s understanding
– Microbiome
– Development of immune system
– Implications for human health  2

Knut E. A. Lundin



The systemic effect of whdw – the 
putrefactive priciple of faeces
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”The bird which is called the ibis and wich is a native of 
Egypt, by means of its hooked beak, laves the inside of its 
body by introducing water into the channel by which it is 

specially necessary for health that the residuous food shoold 
be  discharged”

Plinius (23-79 A.D.)



Intestinal intoxication
Elie Methnikoff 
(1845‐1916)

Sir William Arbuthnot‐Lane 
(1856‐1943)
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Methnikoff: Bacterial toxins from colon responsible for ageing.  
The colon is a redundant organ and will soon disappear. 
Lane: I can take it out!
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Intestinal autointoxification

Many physicians will today laugh of 
these old theories – but are they 

completely to be rejected? 
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The changing pattern of diseases

Bach JF. NEJM 2002



Anatomy of mucosal surfaces
•Skin 1 ½ ‐ 2 m2.
•Airway mucosa 100 m2.
•Intestinal mucosa 3‐400 m2.

•The mucosal immune system by 
far the largest compartment.

•2000 + bacterial species
•Outnumbers own cells by 100
•Large interindividual 
differences
•6‐7000 kg faeces  in a lifetime
•Digests carbohydrates



Human organisms is the 
home of billions and 
billions of bacteria, in 
total one hundred 
tousand billions (1014)

(Norways Oil Fortune 
(which is saved) is now 
NOK 4000 billions)

Small intestine:
1012  (108-
1010/ml)

Colon:
1014 (1012/ml)

Skin: 
1011 (103-109/cm2)

Øvre luftveier:
1010 (108/ml spytt 
(>600 ulike arter))



Valeur and Berstad 2008

© Tidsskrift for Den norske legeforening

Mammalian digestive system

Ruminating 
herbivores
(sheep)

Non-ruminating 
herbivores 
(horse)

Omnivores 
(humans)

Carnivores 
(dog)



Why do we have a colon?
• Proteins, fat and mono‐ and disaccharides 
readily absorbed (ex lactase‐deficiency)

• Complex carbohydrates passes to colon
– Structural fibre are not fermented
– Water soluble fibre fermented giving gases (H2, 
CO2, CH4) and short‐chain fatty acids (SCFA)

• Bacterial fermentation gives
– 5‐10 % of human calories, 30‐40 % in non‐
ruminating herbivores and 60‐90 % in ruminating  
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Most metabolites in human plasma is 
derived from gut bacteria!
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Mikrobiology
Classic culture Microbiomics

• “Genomics” studies of 
mikrobiology, primarily by 
means of sequencing (of  
bakterial‐DNA)

• Microbiota: Totality of 
microbes in a milieu (e.g. 
intestine)

• Microbiome: Totality of 
genes in the mikrobiota

<30% of the bacteria in the intestines are cultivable



Main metagenomics applications, from the metagenomic libraries construction and 
screening, until next generation sequencing, gene count and genome reconstruction. 

Lepage P et al. Gut 2013;62:146-158

Copyright © BMJ Publishing Group Ltd & British Society of Gastroenterology. All rights reserved.



An integrative approach to study microbial 
systems. 

Lepage P et al. Gut 2013;62:146-158
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The diverse forms of life
• Life on earth impossible 

without bacteria
• Bacteria has been around 

for 2,5 billion years
• All multicellular organisms 

live in close collaboration 
with bacteria

• The modern humans 
developed for 
approximately 200 000 years 
ago

• Co‐evolved with bacteria



Microbiota = “Normal flora”

• 1014 bacterier – 10x 
more than human cells

• J.Lederberg: 
– “…think of each host and 
its parasites as a 
superorganism… “ 

– “Teach war no more”
(Science 2000)

Cho and Blaser 2012 



• Metagenome
• 2000 different species, each with 4000 

genes
• Equals ~ 8 millioner gener, that means

more than 400 times no of genes in 
human genome

• Microbiome large inter‐indvidual
differences

• Recently shown 3 stable enterotypes
• Prevotella
• Bacteroides
• Ruminococcus

• Influenced by food
• Enterotypes assosiated with lean body 

and with obesity

Nature 2010, 464:59-65
A human gut microbial gene 
catalogue established by 
metagenomic sequencing
Qin, Li, Raes, et al (MetaHIT 
consortium)

Human intestinal microbiome



Knut E. A. Lundin

20



Patogenesis of inflammatory bowel disease 

Major differences 
healthy  ‐ diseases 
gut
– Adaptive immune 
system

– Innate immune 
system

Many possibilities 
for biomarkers 
(and intervention)

Baumgart and Carding Lancet 2007
Healthy Disease



Crohn Ulcerative colitis











Metagenomic analysis of the human gut 
microbiota in healthy individuals and IBD

P l G 2013 62 146 158



Our new health threat



Obesity epidemic



 eat nothing but still gain weight”

Nature 2006



Manipulation with diet 



Vancomycin treatment and obesity



FATLOSE trial: 
Faecal transplantation from lean subjects to cure 

metabolic syndrome



Gut microbiome and atherosclerosis

Karlsson et al Nature Comm 2012, shotgun sequencing of gut microbes





Genetic studies 
rtual explosion in 
understanding of 
genetics of IBD

WAS and Crohn
– 2001 two loci (NOD2 and 
5q31)

– 2006 one locus (IL23R)
– 2007 seven loci 
(IRGM,ATG16L1 etc)
2008 thirtytwo loci!



GWAS 
studies 
omplicate 
previous 
houghts on 
iseases as 
”single 

diseases”



Common disease‐associated 
variants cluster in pathways



Common disease networks



A perfect storm for disease





rospect for future personalized medicine



Prebiotics 
– Food and components promoting 

”good” intestinal microbiome
Probiotics
– Probiotics are living micro‐organisms 

that, if intake is sufficient, will give a 
health effect FAO/WHO

Postbiotics
– Components produced by intestinal 

bacteria with possible health effects

A major breakthrough is 
eagerly awaited!

Can something be done?
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