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Chapter 1

Nuclei of eukaryotic cells contain chromatin that consists of meters of DNA and 
thousands of proteins. In order to fit into a micrometer wide nucleus, chromatin is 
heavily compacted in a most regulated fashion. DNA within chromatin is wrapped 
around highly conserved histone proteins, harbouring N-terminal peptide ends that are 
subject to extensive post-translational modifications (PTMs). The modifications regulate 
a multitude of different cellular processes including efficient storage and folding of the 
DNA, replication and transcription. The discovery of these covalent modifications led to 
the ‘histone code hypothesis’ in which the modifications extend the amount of 
information that a cell can store, next to the information stored within the DNA itself 
(Jenuwein and Allis, 2001; Strahl and Allis, 2000). Post-translational modifications have 
been found on different amino acids within the histone tail, of which lysine is the most 
abundantly modified amino acid (Figure 1) (Rothbart and Strahl, 2014).  
 
 

 

 

 

 

 

 

 

 

 
Figure 1. Histone proteins with their N-terminal ends and possible lysine acetylation and 

methylation sites (Minucci and Pelicci, 2006). 
 
The number of different types of PTMs on histones is still growing and until now, at 
least 20 different types of modifications have been found on lysines (Zhao and Garcia, 
2015). For many of these types, the effects on gene transcription, complex formation 
and other processes remain largely unknown. However, for the most studied types of 
PTMs: methylation, phosphorylation and acetylation clear functions have been 
identified.  
In general, epigenetic enzymes can be divided into three individual groups based on 
their function: writing, erasing and reading, although some of the ‘writers’ are also able 
to ‘read’ (Tarakhovsky, 2010; Zhang et al., 2015) (Figure 2). The work described in this 
thesis predominantly examined acetylation and deacetylation related processes and 
this introduction will therefore describe these mechanisms.  
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Figure 2. Three types of epigenetic tools (Tarakhovsky, 2010). 

 
Reversible acetylat ion of lysines 
Acetylation and deacetylation occur through the efforts of histone acetyl transferases  
(HATs) and histone deacetylases (HDACs), respectively. These enzymes regulate the 
addition or removal of acetyl-CoA to or from the N-terminal part of a lysine. The addition 
of the acetyl-moeity neutralizes the positive charge of the amino acid. Glucose-derived 
citrate and fatty acid oxidation are major sources of acetyl-CoA (Wellen et al 2009, 
McDonnell et al 2016, Pougovkina et al 2014). 
Abundant acetylation and deacetylation are observed for both histones as well as non-
histone substrates. As indicated by mass spectometry screening, lysine acetylation is 
found mainly in large macromolecular complexes. In total, 1750 proteins and 3600 
acetylations were found in a human cell line treated with deacetylase inhibitors SAHA 
and MS-275 (Choudhary et al., 2009). Almost all of the enzymes involved in glycolysis, 
fatty acid metabolism, the urea cycle and other metabolic pathways were acetylated in 
liver tissue that was analyzed (Zhao et al., 2010). Furthermore, acetylation of lysines 
regulates the stability of proteins and mRNA and the function, localisation and 
degradation of proteins, indicating that acetylation and deacetylation are very common 
mechanisms regulating a myriad of cellular processes (Spange et al., 2008). Although 
the acetylation and deacetylation are highly dynamic events, acetylation marks can be 
inherited through mitosis as well as meisosis (Ekwall et al., 1997; Kim et al.). 
One consequence of an acetylation mark on lysine residue is the prevention of 
hydrogen bond formation, which can effect the interaction with other proteins, DNA, 
RNA and stability of the protein itself (Yang, 2004b). An example is the acetylation of 
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STAT3, which is crucial to form stable dimers upon cytokine treatment (Yuan et al., 
2005). NF-κB subunit RelA is regulated by ubiqitination or acetylation, modifications 
that compete for similar acceptor sites in a competitive way, indicating another level of 
modulation of the NF-κB pathway (Li et al., 2011). Acetylation of lysines also creates 
new interaction possibilities. The most obvious example is the binding with acetylated 
lysine reader enzymes, explained in more detail further on (Yang, 2004a). Alterations in 
activity and expression of acetyl transferases and deacetylases have been associated 
with various solid tumours and several types of leukaemia (Lund, 2004; Minucci and 
Pelicci, 2006).  
In the setting of histone acetylation, the acetylation induced charge neutralization 
results in a weaker binding of negatively charged DNA. As this results in a less 
condensed chromatin, this potentially facilitates binding of transcription factors to the 
genome and subsequent increased transcription. Therefore, the general hypothesis is 
that increased lysine acetylation correlates with increased transcription. Nevertheless, 
acetylation can lead to repression of gene expression and (HDACs) are also present 
on transcriptionally active genes (Wang et al., 2009a) (Wang et al., 2009b). In addition, 
others suggest that regulated accessibility of DNA by altering chromatin is not a major 
determinant of binding of proteins to the DNA (van Steensel, 2011). 
 
Writers 
Histone acetyl transferases are the enzymes responsible for adding the acetylation 
mark onto lysine residues. Within the nuclear HATs, there are 5 different families: the 
GNAT family (Gcn5 related N-acetyl transferase), the MYST family, the p300/CBP 
family, nuclear receptor cofactors and general transcription factors (Marks et al., 2001; 
Spange et al., 2008). Besides the nuclear HATs, there are cytoplasmic HATs that 
acetylate newly synthesized histones, for their nuclear localisation (Spange et al., 
2008). Among all HATs, p300 and CBP are most extensively studied. These enzymes 
are highly enriched on promoters and are functionally redundant (Wang et al., 2009b). 
The majority of target promoters for p300 or CBP are associated with both enzymes. 
However, p300 as well as CBP are also associated with distinct targets indicating 
unique functionalities (Wang et al., 2009b). Members of the GNAT and MYST family 
are, like p300/CPB, found at promoter regions, but are also enriched to a higher 
degree within gene bodies of genes that are actively transcribed. The members of the 
GNAT and MYST family, unlike the p300/CBP, bind directly to the DNA (Marks et al., 
2001). In general, these nuclear HATs reside within large protein complexes, 
complicating the identification of each individual enzyme’s function.  
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Erasers 
The removal of acetyl-residues from lysines is mediated by deacetylases (Haberland et 
al., 2009). Mammalian cells contain 18 dinstinct HDACs, which can be divided into two 
different groups: zinc-dependent HDACs and NAD+ HDACs. The first group, the 
classical HDAC family, has a conserved deacetylase domain and consists of 11 
individual HDACs. These can be further subdivided, based on structure and homology 
to HDACs identified in yeast, into 4 classes. Enzymes of class 1 (HDAC1, HDAC2, 
HDAC3 and HDAC8), are predominantly expressed in the nucleus. HDAC3 is a unique 
member of the class I HDACs, having both a nuclear localization signal and a nuclear 
export signal, suggesting shuttling between nucleus and cytoplasm (de Ruijter et al., 
2003).  
Class IIa, harbouring low deacetylase activity, consists of HDAC4, HDAC5, HDAC7 
and HDAC9, class IIb comprises HDAC6 and HDAC10 and class 4 consists solely of 
HDAC11 (Figure 3). The NAD+ dependent sirtuins make up class 3 (Bolden et al., 
2006; Wang et al., 2009b).  
Most attempts to elucidate the function of each HDAC have focussed on using 
knockout or overexpression of HDAC or by using HDAC inhibitors (Haberland et al., 
2009). In mice, complete knockouts of individual HDACs caused lethality of the embryo 
or death of mice soon after birth, all due to different developmental defects (Grabiec et 
al., 2011; Yang and Seto, 2008). The fact that these knockouts all result in different 
phenotypes suggest that, despite the high similarity in homology, the HDACs have 
unique roles in development.  
HDACs modulate inflammatory gene transcription by regulating key cellular 
inflammatory signalling pathways. This has been shown for the components within the 
NF-κB and JAK/STAT pathways mentioned before, but also for other members of these 
pathways, including the HDAC mediated prevention of IKKα and IKKβ activation 
induced by TNF-α (Grabiec et al., 2011; Li et al., 2011; Yuan et al., 2005). Likewise, 
deacetylation is needed for interferon-γ mediated JAK1 activation, STAT1 
phosphorylation and subsequent induction of gene transcription, while STAT1 
transcript levels themselves are elevated upon pan-HDAC inhibitor treatment (Van den 
Bossche et al., 2014). In addition, HDAC inhibition prevents LPS inducted p38 
activation, which leads to suppression of COX-2 and CXCL2 expression (Grabiec et al., 
2011). Moreover, FoxO transcription factors are prone to modulation by acetylation and 
deacetylation indicating that, next to the JAK/STAT signaling pathway, other (MAPK 
and the PI3-K) inflammatory pathways are also regulated by HDACs (Grabiec et al., 
2011). These are just a few examples to illustrate the unequivocal role of acetylation 
and deacetylation in modulating inflammatory gene expression.  
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Figure 3. HDACs of class 1, 2 and 4 with the catalytic domains indicated with the coloured 

block. Total sequence similarity of HDACs of the same class are shown in brackets  
(Minucci and Pelicci, 2006). 

 
Readers 
The recognition of an acetylation marked lysine is realized by proteins containing a 
conserved domain called bromodomain (Dhalluin et al., 1999; Winston and Allis, 1999). 
In humans, bromodomains are found in 46 different proteins, with some containing 
multiple bromodomains (Filippakopoulos et al., 2012). These domains are frequently 
found adjacent to other interacting domains, illustrating the complexity of the histone 
code reading. Bromodomain containing proteins are factors involved in the regulation 
of transcription and chromatin modification. The 46 proteins can be divided into 8 
families, of which the bromodomain and extra terminal (BET) proteins account for one 
of them (Filippakopoulos et al., 2012; Sanchez and Zhou, 2009). The four proteins in 
the BET family, BRD2, BRD3, BRD4, expressed ubiquitously and BRDT, expressed in 
the testis, all have two bromodomains which facilitates stronger binding of BET proteins 
to histone tails containing multiple acetylation (multi-acetylated) marks (Filippakopoulos 
et al., 2012; Sanchez and Zhou, 2009). The multiprotein complexes which 
bromodomain containing proteins often are found in, in combination with the array of 
different post-translational modifications on histone tails, make the identification of the 
specific functions of individual members strenuous. However, a few specific roles have 
been identified. BRD4 for example, binds to acetylated lysines within the chromatin 
and recruits the P-TEFb complex, which uses its kinase activity to phosphorylate RNA 
polymerase II, thereby enabling transcription elongation (Brès et al., 2008). BRD4 also 
binds to acetylated RelA, a subunit of NF-κB, thereby stimulating the transcription of 
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NF-κB-dependent inflammatory and chemokine genes, as shown for TNF-alpha and IL-
8 (Huang et al., 2009). Influenza virus A uses this important role of acetyl mark reading 
and expresses NS1, a protein not needed for the viral particle but instead blocking the 
anti-viral response of the host. NS1 contains an amino acid sequence analogous to that 
of histone 3 lysine 4 and this histone mimic can be acetylated and methylated similar to 
H3K4. This mimicry results in competition between the endogenous histone tails and 
NS1, leading to suppression of PAF1C mediated transcription and impaired antiviral 
response of the host (Marazzi et al., 2012). This competition mechanism is comparable 
to the mode of action of synthetic BET inhibitors, which will be discussed in more detail 
below.  
 
Inhibitors of writers, erasers and readers 
The associations of the acetylome with cancer and inflammation make HAT, HDAC and 
BET proteins interesting targets for pharmacological intervention. As a result, numerous 
compounds, both pharmacological and natural, have been developed and identified. 
Whereas the earlier developed inhibitors lacked isoform specificity, newer inhibitors are 
getting more and more selective. The most promising compounds are the ones 
targeting HDAC or BET proteins, since HAT inhibitors are less efficient and require high 
inhibitory dosages (Manzo et al., 2009).  
Inhibitors for the zinc dependent-HDAC can be divided into four distinct structural 
groups: cyclic peptides, benzamides, hydroxamates and short-chain fatty acids 
(Grabiec et al., 2011). The most studied group of HDAC inhibitors is the group of 
hydroxamates, which consists of hydroxamic acid derived compounds, containing 
trichostatin A, givinostat, vorinostat (TSA, ITF2357 and SAHA, respectively), 
panobinostat and others. The hydroxamates block class I and class II HDACs at 
nanomolar concentrations, but are less potent against HDAC8. The group of 
benzamide HDAC inhibitors includes entinostat (MS-275). Entinostat mainly blocks 
HDAC1, HDAC2, HDAC3 and HDAC9 (Di Costanzo et al., 2014). Romidepsin is a 
cyclic tetrapeptide able to inhibit HDAC1 and HDAC2 at nanomolar concentrations (Di 
Costanzo et al., 2014; Mottamal et al., 2015). Short-chain fatty acids, metabolites 
produced by the microbiota and present in the large intestine in millimolar 
concentrations, also have the capacity to inhibit HDAC activity (Schilderink et al., 
2012). A number of HDAC inhibitors have been approved by the U.S. FDA for the 
treatment of T-cell lymphoma (vorinostat, romidepsin and belinostat) and for multiple 
myeloma (panobinostat). Additional HDAC inhibitors are being tested in the clinic for 
treatment of multiple types of cancers showing encouraging therapeutical value and 
limited side effects (Lane and Chabner, 2009; Mottamal et al., 2015). Here, in chapters 
5 and 6, we used HDAC inhibitors developed by Italfarmaco S.p.A. with selective 
affinities for HDAC3 and HDAC6, and HDAC6. These specific inhibitors facilitated the 
investigation of HDAC inhibition in monocytes, macrophages and dendritic cells 
without the need of knockout, gene silencing or related strategies. 
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The efforts to target bromodomain-containing proteins predominantly focused on the 
inhibition of BET proteins. Several BET inhibitors have been developed, including 
among others I-BET151, I-BET762 and JQ1. Some are also used in clinical studies 
targeting different hematologic malignancies (Di Costanzo et al., 2014;  
Filippakopoulos et al., 2010; Nicodeme et al., 2010). BRD2 and BRD4 directly bind to 
promoters of key inflammatory cytokines which expression was abolished upon BET-
inhibition (Belkina et al., 2013; Nicodeme et al., 2010). Interestingly, the vast majority of 
genes affected by BET inhibition were secondary response inflammatory genes, a 
specific subset that needs chromatin remodeling prior to transcription, whereas the 
primary response genes, ready to be transcribed, were still expressed (Nicodeme et 
al., 2010). These BET inhibitors have great potential in inflammatory diseases and the 
first in vivo studies using different sepsis models showed promising results (Belkina et 
al., 2013; Nicodeme et al., 2010). The same BET inhibitor also prolonged survival in two 
mouse leukaemia models, which is thought to be mediated by induction of apoptosis 
and cell cycle arrest (Dawson et al., 2011). Together, this further illustrates the potential 
of targeting the BET proteins in inflammatory diseases and malignancies. 
For the HAT inhibitors that are used in clinical trials, the Curcuma longa plant-derived 
curcumin is a p300 inhibitor that shows promising anti-inflammatory effects (Manzo et 
al., 2009). Many clinical trials using curcumin therapeutically against a variety of 
cancers are performed at the moment (Di Costanzo et al., 2014). However, no double 
blind placebo controlled clinical trial could confirm the positive effects yet, and the 
promising in vitro findings might be due to complicating factors from the characteristics 
of the curcumin compound itself, hampering the performance of several assays 
(Nelson et al., 2017). 
 
Acetylat ion and deacetylat ion in the inf lammatory response 
The inflammatory response to a certain stimulus consists of a highly specific 
transcriptional program. This response is a complex manifestation that modulates the 
transcription of a large number of genes in a cell type and stimulus dependent manner. 
The affected genes can be divided into two groups: primary response genes and 
secondary response genes. The first group has promoters rich in CpG islands, 
whereas secondary response genes are low on CpGs. Genes with CpG-rich promoter 
regions are associated with RNA polymerase II and are rapidly transcribed upon 
stimulation. The secondary response genes have limited ongoing transcription and 
their transcription requires chromatin remodeling upon stimulation (Tarakhovsky, 2013). 
This chromatin remodeling provides another level of regulation a cell can use to fine-
tune an inflammatory response. 
This required chromatin remodeling can be used to block a specific gene subset by 
using BET-inhibitors, which has been described above in more detail. Another example 
can be observed in the event endotoxin tolerance, where repetitive stimulation with 
lipopolysaccharide results in a blunted expression of inflammatory cytokines after a 
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second stimulation (Foster et al., 2007). In macrophages, being the primary cell type in 
which endotoxin tolerance is observed, studies showed that endotoxin tolerance is 
mediated by tolerizeable and non-tolerizeable genes (del Fresno et al., 2009; 
Dobrovolskaia and Vogel, 2002; Foster et al., 2007; Foster and Medzhitov, 2009). 
Interestingly, LPS endotoxin tolerized macrophages expressed an M2 polarized 
phenotype, which was mediated by NF-κB (Porta et al., 2009). HDAC3 plays an 
important role in this polarization, as it blocks the alternative activation of macrophages 
(polarization of macrophages into a M2 phenotype), and is required for the expression 
of inflammatory mediators (Chen et al., 2012; Mullican et al., 2011). Inhibition of HDAC3 
in murine atherogenic macrophages led to a metabolic shift towards enhanced 
glycolysis resulting in reduced apoptosis, effects that were also observed by broad 
spectrum HDAC inhibition (Van den Bossche et al., 2014). These studies indicate a 
pivotal role for HDAC3 in the regulation of inflammatory responses. However, the role of 
HDAC3 in endotoxin tolerance is not yet understood.  
 
Acetylat ion and deacetylation in the intestinal tract  
The intestinal microbial gene set outnumbers the human gene number by 150-fold and 
it is recognized that the microflora has an important role in keeping a healthy 
homeostasis, in the gastro-intestinal tract and the rest of the body (Lepage et al., 2013; 
Qin et al., 2010). It provides nutrients to the intestinal epithelial cells and has the 
capacity to modulate immune responses. The intestinal epithelial cells (IECs) and cells 
in the adjacent lamina propria are fully adapted to cope with the harsh environment in 
the gut, as shown by the downregulation of toll like receptor 4 (TLR4) expression by 
IECs to remain hyporesponsive to LPS and by dendritic cells protruding through the 
apical border of the IECs to sample luminal content (Chieppa et al., 2006; Takahashi et 
al., 2011).    
Not surprisingly, microbial dysbiosis has been associated with a variety of diseases, 
including IBD (Ley et al., 2006; Qin et al., 2012; Rajilić-Stojanović et al., 2013; Rossen, 
2015). Several studies have attempted to restore bacterial diversity by transplantation 
of faecal microbiota in IBD patients (Moayyedi et al., 2015; Rossen et al., 2015). In the 
light of intestinal inflammation, microbiota composition is predominantly of interest 
because of the various immunomodulatory effects exerted by microbial derived 
metabolites, such as short-chain fatty acids (SCFAs) (Canani et al., 2012; Havenaar, 
2011; Maslowski et al., 2009; Vinolo et al., 2011). Receptors for SCFAs, FFAR2 and 
FFAR3, have been found on intestinal epithelial cells and mucosal immune cells, 
including antigen presenting cells, neutrophils and monocytes (reviewed in Chapter 2). 
It has been shown that SCFAs facilitate the extrathymic generation of colonic regulatory 
T cells (Arpaia et al., 2013; Furusawa et al., 2013; Smith et al., 2013). Mice lacking 
FFAR2 showed increased intestinal inflammation in colitis models (Maslowski et al., 
2009). Whereas propionate, butyrate and acetate were capable of accumulating 
colonic Treg cell numbers, only butyrate and propionate were able to induce de novo 
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generation of peripheral regulatory T cells (Arpaia et al., 2013). Interestingly, both 
butyrate and propionate harbour HDAC inhibitory activity, but not SCFA acetate, 
suggesting that acetylation dependent mechanisms are involved (Arpaia et al., 2013; 
Smith et al., 2013).  
This is in line with earlier observations in which pan-HDAC inhibitor treatment increased 
the Treg numbers and their suppressive capacity in vivo (Tao et al., 2007; Wang et al., 
2009a). In experimental models of colitis, pan-HDAC inhibitor treatment reduces 
intestinal inflammation as a result of suppression of pro-inflammatory cytokines 
(Glauben et al., 2006). Furthermore, the function of regulatory T cells is directly 
affected by HDACs and acetylation status of the FoxP3 protein itself (de Zoeten et al., 
2010; 2011; van Loosdregt et al., 2010). However, it is still unknown what effect class 1 
or more specific HDAC inhibitors have on ongoing intestinal inflammation. 
The effects of SCFAs on other intestinal immune cell types remain largely unknown. 
Human intestinal macrophages are anergic and don’t secrete pro-inflammatory 
cytokines upon stimulation, preventing a severe response in the hostile environment of 
the gut (Smythies et al., 2004). Yet, it is still unknown whether this lack of response is 
caused by induced endotoxin tolerance or by a different mechanism, although the NF-
κB signalling was markedly impaired in these anergic macrophages (Smythies et al., 
2010).   
 
Post-transcriptional modif ications 
Besides the epigenetic post-translational mechanisms described above, expression of 
inflammatory modulators can be fine-tuned post-transcriptionally by small RNA 
(including small interfering RNAs, piwi-interacting genes and microRNAs)-mediated 
mechanisms. Here, small RNA molecules (20-30 nucleotides in length) induce RNA 
silencing by binding to their target complementary RNA (Ghildiyal and Zamore, 2009). 
MicroRNAs are transcribed by RNA polymerase II and after being processed by dicer 
and drosha, result in around 22 nucleotides long single stranded RNA molecules that 
pair with complementary target mRNA (Lee et al., 2004). This leads to repression of 
translation, destabilization of the mRNA or a combination of both mechanisms (Bartel, 
2009; Guo et al., 2010). Despite their short length of only 22 nucleotides, microRNAs 
can have substantial effects on the inflammatory response. This is shown for 
microRNAs miR-223, miR15-a and miR16, which fine-tune the inflammatory response 
decreasing expression of non-canonical NF-κB target genes (Li et al., 2010) and for 
miR-155, which expression is induced by NF-κB and Jnk. The expression of miR-155 is 
elevated in activated macrophages and dendritic cells and affects class-switch 
recombination by targeting the cytidine deaminase AID (Baltimore et al., 2008). 
Following up on these examples, we studied the role of miR-511-3P, which is located in 
intron 5 of the mannose receptor gene, expressed by macrophages, in intestinal 
inflammatory conditions (Chapter 7).  
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AIM AND OUTLINE OF THIS THESIS 
In the recent years, epigenetics has rapidly gained interest, one of the reasons being 
the new discovered drugable targets to modulate inflammatory conditions. In this 
thesis, we studied different attempts to modulate inflammatory cells by interfering with 
epigenetic related mechanisms. Before looking in detail in the possibility to modulate 
the inflammation in inflammatory bowel disease, we explored the components already 
present in the intestine with deacetylase inhibitory potential. Chapter 2 provides a 
literature review about the potential of microbial metabolites and dietary components to 
inhibit HDACs in the epithelial layer and underlying lamina propria. In the colon, the 
concentrations of SCFAs reach levels high enough to block deacetylase activity of 
HDACs. Interestingly, receptors for SCFAs are not only found on the epithelium, but are 
also present on immune cells, indicating that SCFAs can directly affect immune cells 
present in the lamina propria. In Chapter 3, we report a novel role for butyrate in the 
modulation of intestinal homeostasis. We observed that SCFA butyrate enhances the 
retinol to retinoic acid conversion in intestinal epithelial cells. Using primary epithelial 
organoid cultures, we show that the expression of retinal dehydrogenase enzymes is 
up regulated upon stimulation with butyrate. Chapter 4 describes our investigation on 
the immunomodulatory effect of blocking BET-proteins in dendritic cells. By using a 
specific inhibitor for BET proteins, we show that BET inhibition in dendritic cells leads to 
a tolerogenic phenotype and to increased skewing of naive T lymphocytes to functional 
regulatory T cells. In Chapter 5, the effect of highly specific HDAC inhibitors on 
different dendritic cell functions was studied. HDAC3/6 inhibition hampered the 
maturation of murine immature bone marrow derived dendritic cells but did not affect 
their phagocytic capacity nor their ability to instruct naive T cells to polarize into Th1, 
Th2, Th17 or Treg cells. We could show that inhibition of HDAC3/6 accelerated the 
decay of IL-6 mRNA. Chapter 6 addresses the role of HDAC3 in human M1 
macrophage cytokine secretion and induction of endotoxin tolerance. Inhibition of 
HDAC3/6 attenuated inflammatory cytokine secretion by M1 macrophages, and did not 
affect M2 cells. Interestingly, M1 macrophages regained the capacity to induce 
endotoxin tolerance upon inhibition of HDAC3. An alternative epigenetic mechanism to 
contain inflammation has been studied in the work presented in Chapter 7. miR-511-
3p, located within the mannose receptor gene, regulates TLR4 expression and by 
knocking down miR-511-3p in macrophages, we observed a reduced secretion of pro-
inflammatory cytokines. We show that miR-511-3p regulates microbial responses in 
macrophages and that it mediates experimental intestinal inflammation. Chapter 8 
provides a summary and discussion of the results described in thesis in the scope of 
existing literature and perspectives for the future.  
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