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Pathogenesis of IBD

Overly aggressive immune response to 
commensal enteric bacteria 

in genetically susceptible individuals, 
where environmental factors precipitate 

the onset/reactivation of the disease

Sartor R B. Nat Clin Pract Gastroenterol Hepatol. 2006; 3: 390-407
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Genetics – pathogenesis
Concordance rates in twins

Ulcerative 
colitis

British cohort Danish cohort Swedish cohort
 at follow up* at follow up** at follow up***

MZ 33% 56% 50%

DZ 10% 4% 4%

British cohort Danish cohort Swedish cohort
 at follow up* at follow up** at follow up***

MZ 13% 14% 19%

DZ 4% 4% 4%

British cohort Danish cohort Swedish cohort
 at follow up* at follow up** at follow up***

MZ 13% 14% 19%

DZ 4% 4% 4%

Crohn’s
disease

*   Subhani  J et al. Gut 1998; 42 (suppl 1)

**  Jess T et al. Am J Gastroenterol 2005; 100:1-7

*** Halfvarson J, Bodin L, Lindberg E, Tysk C, Järnerot G. Gastroenterology 2003;124:1767-73
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Genetics - phenotype of CD
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Halfvarson J, et al. Gastroenterology 2003;124:1767-73
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Phenotypic concordance 
in 9 MZ twin pairs 

Observed no of twin 
pairs with concordance 

(n=9)
p-value

Age at diagnosis 6 pairs 0.01

Location 7 pairs 0.006

Behaviour 6 pairs 0.07

Halfvarson J, Bodin L, Lindberg E, Tysk C, Järnerot G. Gastroenterology 2003;124:1767-73
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Halfvarson et al. IBD. 2007 Sep 7;[Epub ahead of print] 

Longitudinal  phenotypic concordance in CD
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Genetics – pathogenesis
IBD linkage areas

Ahmad T et al. Gastroenterology 2004; 126: 1533-49
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Genetics – pathogenesis
CARD15/NOD2
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CARD15/NOD2
Crohn’s disease

Gaya DR et al. Lancet 2006: 1271-1284
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Genetics – pathogenesis
CARD15/NOD2 – intracellular bacterial recognition

NOD2

Muramyl dipeptide

Motif of peptidoglycan of 
Gram + and Gram -

Apoptosis & NFκ B

α -defensine secretion 
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Genetics – pathogenesis
Consequences of CARD15/NOD2

• Altered tolerance to chronic bacterial stimulation

Chronic activation of NOD2 
hyporesponsiveness to MDP

Impaired tolerizing effects of commensal 
bacteria (TLRs) in NOD2 mutated

Hedl M et al. PNAS 2007; 19440-5
Watanabe T et al. J Clin Invest 2008
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Genetics – pathogenesis
Consequences of CARD15/NOD2

• Altered tolerance to chronic bacterial stimulation

• Impaired clearance of oral pathogenes

Oral inoculation Listeria monocytogenes in 
Nod2 mice -/- increased spleen & liver

Capacity to control Salmonella typhimurium

Kobayashi K S et al. Science 2005; 731-34
Hisamatsu T el al. Gastroenterology 2003; 993-1000
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Genetics – pathogenesis
Consequences of CARD15/NOD2

• Altered tolerance to chronic bacterial stimulation

• Impaired clearance of oral pathogenes

• Dysbiosis (E. Coli   ) due to defensin deficiency 

Cho J. Nature Review Immunol 2008
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Genetics – pathogenesis
Consequences of CARD15/NOD2

Wehkamp J et al. Proc Natl Acad Sci U S A. 2005 
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Genetics – pathogenesis
Consequences of CARD15/NOD2

Wehkamp J et al. Proc Natl Acad Sci U S A. 2005 
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Genetics – pathogenesis
Consequences of CARD15/NOD2

Figure 2 Three-dimensional plots showing the effects of inflammation (defined according to histology) 
and NOD2 mutation status on mRNA expressions for the genes (A) {alpha}-defensin 5 (DEFA5), (B) 
{alpha}-defensin 6 (DEFA6), and (C) vilin (VIL1).

Simms, L A et al. Gut 2008;57:903-910
Copyright ©2008 BMJ Publishing Group Ltd.
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Pathogenesis of IBD

Overly aggressive immune response to 
commensal enteric bacteria

in genetically susceptible individuals,
where environmental factors precipitate 

the onset/reactivation of the disease

Sartor R B. Nat Clin Pract Gastroenterol Hepatol. 2006; 3: 390-407
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Pathogenesis of IBD

Genetics         Microbiota
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Intracellular bacterial recognition
Pattern Recognition Receptor (PRR) 

NOD2

Apoptosis & NFκ B

α -defensine secretion 

Muramyl dipeptide

Motif of peptidoglycan of 
Gram + and Gram -

CARD15/NOD2
Pathogen-associated 

molecular pattern (PAMP)
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Intracellular bacterial recognition
Pattern Recognition Receptor (PRR)

NOD1

NFκ B activation

γ-D-glutamyl 
mesodiaminopimelic acid

Derivate of Gram -
peptidoglycan

CARD4/NOD1
Pathogen-associated 

molecular pattern (PAMP)

McGovern D et al. Hum Mol Genet 2005;14: 1245-50
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Cell surface bacterial recognition
Pattern Recognition Receptor (PRR)

TLR4

Inflammation? 

LPS

Outer membrane of Gram-

TLR4
Pathogen-associated 

molecular pattern (PAMP)

Franchimont D et al. Gut 2004; 53: 987-92
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Epithelial integrity

Increase permeability

Drosophila discs large homologue 5 gene (DLG5)

Stoll M et al, Nat Gen 2004; 36: 476-80

Gaya DR et al. Lancet 2006; 367: 1271-84
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Genetics       Microbiota

GWA > 30 Crohn’s disease 
susceptibility genes and loci



ATG16L1 Autophagy gene
Genetics       Microbiota

Xavier RJ et al. Gut 2008;717-20



ATG16L1 Autophagy gene
Genetics       Microbiota

IRGM 

Immunity-Related 

GTPase family, M

Xavier RJ et al. Gut 2008;717-20

Wellcome trust case control consortium. Nature 2007
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Pathogenesis of IBD
Enteric bacterial flora

Faecal flora in CD
• Bacteroides vulgatus
• Lactobacilli
• Bifidobacteria
• Enterobacteria (E. Coli, Klebsiella…)
• Unusual phylogenetic groups

Seksik P et al. APT 2006; 24 (Suppl. 3): 11-18
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Pathogenesis of IBD
Enteric bacterial flora

Dicksved J et al. ISME 2008
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Pathogenesis of IBD
Enteric bacterial flora

Dicksved J et al. ISME 2008
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Pathogenesis of IBD
Enteric bacterial flora

Increased mucosal adherent enteric bacteria in IBD, CD>UC

Swidsinski A et al. Gastroenterology 2002; 122: 44-54
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Pathogenesis of IBD
Enteric bacterial flora

Possible mechanisms
• Activate innate immune system (MDP, LPS…)
• Activate adaptive immune system 

Antigens stimulating clonal expansion of T-cells 
Specific antibodies – diagnostic subsets CD

Braat H et al. Ann. N.Y. Acad. Sci. 2006; 1072: 135-54

Sartor B. Nature clinical practice 2006

Targan SR et al Gastroenterology 2005; 128: 2020-28
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Pathogenesis of IBD

Overly aggressive immune response to 
commensal enteric bacteria 

in genetically susceptible individuals,
where environmental factors precipitate 

the onset/reactivation of the disease

Sartor R B. Nat Clin Pract Gastroenterol Hepatol. 2006; 3: 390-407
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Pathogenesis of IBD
Immune response

Activated innate immune response
(Mucos, Pattern Recognition Receptors (PRR), FAE
-transportation, defensin deficiency, increased number activated
macrophages, neutrophils and dendritic cells)

Braat H et al. Ann. N.Y. Acad. Sci. 2006; 1072: 135-54

Neuman M  G. Translational Research 2007; 129: 173-86
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Pathogenesis of IBD
Innate immune response

Korzenik JR and Podolsky D.  Nature Reviews Drug Discovery 2006
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Pathogenesis of IBD
Innate immune response

PRR

Korzenik JR and Podolsky D.  Nature Reviews Drug Discovery 2006
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Pathogenesis of IBD
Innate immune response

PRR

Bacterias / bacterial products

Korzenik JR and Podolsky D.  Nature Reviews Drug Discovery 2006
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Pathogenesis of IBD
Innate immune response

PRR

Bacterias / bacterial products

HD 5 and 6

Korzenik JR and Podolsky D.  Nature Reviews Drug Discovery 2006
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Pathogenesis of IBD
Innate immune response

PRR

Bacterias / bacterial products

HD 5 and 6

Korzenik JR and Podolsky D.  Nature Reviews Drug Discovery 2006
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Pathogenesis of IBD
Immune response

Activated innate immune response
(Mucos, Pattern Recognition Receptors (PRR), FAE
-transportation, defensine deficiency, increased number activated
macrophages, neutrophils and dendritic cells)

Activated adaptive immune response
CD: TH1 response (+ TH17 response)
UC: Atypic TH2 response (?)

GWA IL-23R

Braat H et al. Ann. N.Y. Acad. Sci. 2006; 1072: 135-54

Neuman M  G. Translational Research 2007; 129: 173-86
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Pathogenesis of IBD

Overly aggressive immune response to 
commensal enteric bacteria 

in genetically susceptible individuals,
where environmental factors precipitate 

the onset/reactivation of the disease

Sartor R B. Nat Clin Pract Gastroenterol Hepatol. 2006; 3: 390-407
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Pathogenesis of IBD
Environmental factors

Incidence of Crohn´s disease in Stockholm 
County 1955-2001
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Lapidus A. World Journal of Gastroenterology 2006; 1: 75-81
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Pathogenesis of IBD
Environmental factors
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Pathogenesis of IBD
Environmental factors

Smoking
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Pathogenesis of IBD
Environmental factors

Infections and NSAIDs 
Break mucosal barrier & activate innate immune response

Uptake of commensal bacterial antigens + adjuvants
Prolonged inflammation in genetic susceptible host 
(IL10 knockout mice)

Berg D J et al. Gastroenterology 2002; 123: 1527-42
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Pathogenesis of IBD
Environmental factors

Berg D J et al. Gastroenterology 2002; 123: 1527-42
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Pathogenesis of IBD
Environmental factors

Epidemiological data (General practice research database)

Antibiotic prescription OR 1.53 (95% CI 1.12-2.07)

In patients with no symptoms or prescribed gastrointestinal 
drugs, 2-5 years prior to CD diagnosis

Card T et al. Gut; 2004; 53: 246-50
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Pathogenesis of IBD
Environmental factors

Stress
Increased permeability in rats

Keita Å et al. Gut 2004; 53: 494-500



Pathogenesis of IBD
Environmental factors

Stress
Increased permeability and bacterial uptake (FAE) in rats

A

B

Bacterial passage in follicle-associated epithelium (FAE) studied in confocal microscopy. Rats 
were submitted to water avoidance stress for ten days, 1 h/day. Segments of FAE were mounted
in Ussing chambers and passage of chemically-killed E. coli K-12 was studied over time. (A) After 
45 min bacteria were seen close to the epithelial surface, (B) After 90 min bacteria were 
penetrating into the epithelium, Red=Alexa Flour  594-conjugated wheat germ agglutinin, green= 
fluorescein-conjugated E. coli K-12.

Keita Å et al. Gut 2004; 53: 494-500
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Pathogenesis of IBD
conclusions

Genetics

Enteric 
flora

Immune 
response

Environ
-ment

CD-UC

HLACARD15

TH1 Atypic TH2

Mucosal 
floraSmoking
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Tack

Jonas Halfvarson*, Överläkare, Med Dr 
Sekt. för Gastroenterologi, Universitetssjukhuset Örebro
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