
Inflammatory	bowel	disease	(IBD)	&	treatment
IBD	(Crohn’s	Disease	&	Ulcerative	Colitis) is	characterised	by	a	
chronic	inflammation	in	the	gastrointestinal	tract.
Treatment	strategies	include	anti-inflammatory	and	
immunosuppressive	drugs	and	monoclonal	antibodies	(mAb)	
against	the	cytokine	TNF-α [1].	The	therapeutic	outcome	of	the	
different	therapies	is	highly	variable	between	patients	[2].

Objectives
Our	aim	is	to	understand	the	underlying	mechanisms	for	the	
high	variability	in	therapeutic	outcome.	We	propose	to	use	a	
systems	biology	approach,	modelling	the	cellular	processes	of	
the	mucosal	immune	system	in	IBD	and	the	effects	of	various	
treatments.	As	a	starting	point	we	used	the	‘model	of	colonic	
inflammation’	by	Wendelsdorf et	al.	[3].

Methods
We	developed	a	systems	biology	model	of	ordinary	differential	
equations,	describing	the	concentrations	of	various	cell	types	of	
the	mucosal	immune	system in	healthy	steady	state	and	
infection.	Parameters are	based	on	literature	search	(human	
studies,	if	available,	but	also	murine	and	in	vitro	studies).
The	results	are	intended qualitative	rather	than	quantitative.
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IBD
For	simulation	of	IBD,	(combinations	of)	parameters	will	be	
altered	to	find	changes leading	to	chronic	inflammation.
The	resulting	parameters	important	for	IBD	pathophysiology	will	
be	compared	to	published	changes	in	IBD and	genetic	
polymorphisms related	to	IBD	(e.g.	[12]).

Treatment
To	simulate	treatment	of	IBD,	we	need	to	account	for	the	PK	and	
the	different	drug	effects	(anti-TNF-α,	corticosteroids,…).	For	
this,	we	will	link	the	systems	biology	model	to	a	PK	model	and	
account	specifically	for	the	drug	targets	(e.g.	TNF-α	and	binding	
the	mAbs).

Variability
A	virtual	population	of	IBD	patients	with	inter-individual	
variability	will	help	to	define	which	parameters	have	the	largest	
effects	on	disease	and	responsiveness	to	treatment.

Future	directions
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A Primary	infection
• fast	increase	of	neutrophil	conc.
• recruitment	of	macrophages	and	

dendritic	cells	by	neutrophils
• stimulation	of	naive	T	cell	

proliferation	by	dendritic	cells
• as	comparison:	the	shape	of	

neutrophil	and	macrophage	
concentrations	mirrors	the	murine	
peritonitis	model	in	[10,11]

Role	of	B	cells	and	antibodies
• B	cell	proliferation	with	T	cell	help	in	

lymph	node	(LN)
• production	of	pathogen-specific

antibodies	binding	to	bacteria,	increasing	
elimination	of	bacteria

• relevance	in	IBD?
Bacteria	dynamics
• differences	commensal/pathogenic	

bacteria?
• survival/proliferation	of	bacteria	in	mucus	layer	and	

lamina	propria (LP)?
Tissue	destruction
• integrity	of	the	epithelial	barrier
• cause	and	effects	of	epithelial	destruction	in	infection	and	IBD
• marker	for	disease	severity	[9]?

Systems	biology	model	of	the	mucosal	
immune	system	in	the	context	of	IBD
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B	Secondary	infection
• memory	T	cells	specific	for	

pathogenic	antigen	available
• larger	concentration	of	T	helper	cells
• T	helper	cells	increase	recruitment	

and	inhibit	apoptosis	of	neutrophils
• higher	number	of	neutrophils	recruit	

higher	numbers	of	macrophages	and	
dendritic	cells

LP lamina	propria
LN mesenteric	lymph	node
PRO pro-inflammatory	cytokines
ANTI anti-inflammatory	cytokines
SPM specialised	pro-resolving	

mediators
Bact bacteria
qDC quiescent	dendritic	cells
rDC responsive	dendritic	cells
tDC tolerogenic dendritic	cells
sDC stimulatory	dendritic	cells
MP1-3 macrophage	populations	1-3
MP4 macrophage	population	4
Meffero macrophages	after	efferocytosis
APC	 antigen-presenting	cells	(DC	+	M)
Neut neutrophils
apoNeut apoptotic	neutrophils
Tn naive	CD4+	T	cells
Tcm central	memory	T	cells
Tem effector	memory	T	cells
Th helper	T	cells
iTreg induced	regulatory	T	cells
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Figure	1
Schematic	of	the	systems	
biology	model

Figure	2
Simulated	time	course	

of	infection
Concentrations	of	

neutrophils,	dendritic	cells,	
macrophages	and	T	helper	
cells	in	the	lamina	propria

after	a	short	bacterial	
stimulus

Open	questions

bacteria:	eliminated	by	
neutrophils,	dendritic	cells	
&	macrophages	[4]

dendritic	cells:	different	
activation	states	depending	
on	cytokines	and	antigen

naive/memory	T	cells	are	
stimulated	by	specific	
antigen	→	proliferate	&	
differentiate	into	T	helper	
cells/	induced	regulatory	T	
cells

macrophages:	recruited	
as	pro-inflammatory	cells,	
transition	to	anti-
inflammatory	state	[5]

neutrophils:	recruited	by	pro-
inflammatory	cytokines	&
bacterial	antigen,	lipid	mediator	
class	switch	(from	pro-
inflammatory	to	pro-resolving)	
in	apoptotic	neutrophils	[6]

resolution	of	inflammation:	apoptotic	
neutrophils	&	macrophages	after	
efferocytosis (=	phagocytosis	of	neutrophils)	
produce	specialised	pro-resolving	mediators	
→	inhibit	neutrophil	recruitment	[7,	8]
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