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ILC function
Intestinal NKp44+ ILC3 are the main producers of IL-2213, 14, 15, a cytokine that regulates antibacterial 
immunity, epithelial survival, mucus production by epithelial cells, and their regeneration following 
injury by directly signalling to the epithelial stem cells, promoting the replacement of damaged 
cells 16, 17, 18. Tissue-resident APCs (chapter 3)12, 19, 20 and epithelial cells21 are the primary sensors of 
microbial antigens and instructed intestinal ILC3 to produce IL-22. ILC3 also produced csf2, which in 
turn instructed APCs to produce regulatory molecules by local myeloid and lymphoid cells19, 22, 23, 24. 
In addition, class II MHC+ ILC3 reduce T-cell immune response to commensal bacteria, preventing 
disturbance of mucosal homeostasis25, 26. Thus at steady state, the interactions between ILC3, 
epithelial cells, and APCs instruct each other to promote an “axis of tolerance” at the mucosal barrier 
(chapter 1 & 3)27. 

However, a pathogenic insult or chemical or physical disruption of the epithelial barrier triggers a 
protective immune response, including the recruitment of Il-12 producing inflammatory monocytes12, 

28, 29, 30. IL-12 induced a shift in the ILC composition as compared to non-inflamed material, strongly 
increasing the frequency of an IFNγ-producing ILC subset (ILC1) (chapter 2)2. IFNγ, in turn, 
orchestrates the replacement of tissue-resident tolerizing APCs by pro-inflammatory monocytes and 
inflammatory type 1 macrophages, reinforcing a pro-inflammatory loop in order to protect the host 
from infiltrating intracellular bacteria and viruses 28, 31.

ILC2-derived IL-5 and IL-13 are essential for the early defence against helminths and other parasitic 
nematodes32, 33, 34 by promoting goblet-cell hyperplasia, contraction of smooth muscle cells, and 
attracting eosinophils and alternatively activated macrophages (AAM)35, 36, 37, 38. We observed that 
airway-epithelial cells responded to TLR ligands by producing higher titers of TSLP and IL-33, which 
were essential cytokines for full ILC2 stimulation in a GATA3-dependent manner (chapter 4)39, 40. In 
addition we observed that ILC2-derived IL-5 enhanced the survival and activation of polyp-resident 
eosinophils, which in turn triggered the proliferation and activation of ILC2, resulting in a positive 
feedback loop and propagating the type 2 mediated inflammatory milieu (chapter 5). Furthermore, 
studies in mouse models suggest that T-cells contributed to the full activation of ILC2 by secreting IL-2 
in the initial phase of an inflammatory response, where ILC2 in turn enhanced T cell proliferation and 
the production of Th2 cytokines, propagating the adaptive immune response41, 42. 

Thus the importance of ILCs in mucosal tissues lies in their strategic location, just below the epithelial 
layer, where they act like a relay station by transmitting and amplifying signals to non-haematopoietic, 
and both innate and adaptive haematopoietic cells in their proximity in order to maintain the 
homeostasis or contribute in shaping a protective immune response 41, 42, 43.

ILC plasticity 
The identification of the non-cytotoxic CD127+ ILC1 completed the compendium of the ILC family with 
effector functions that correspond to those of the known T-helper cell (Th) family (chapter 2), and in 

DISCUSSION
In this thesis I set out studies to explore the heterogeneity of human CD127+ ILC subsets and explored 
the molecular mechanisms that control their diverse functions in regulating mucosal homeostasis, 
protective immunity, and inflammation.

ILC distribution
ILCs are present in multiple human tissues in varying frequencies1. In circulation and lymph nodes 
ILCs constitute only a minor population of the total pool of lymphocytes, whereas the frequency of 
ILCs in mucosal tissues is approximately two hundred fold higher (chapter 5)1, 2. It should be noted, 
however, that the absolute quantity of ILCs is not necessarily a reference for functional importance. 
For example, the numbers of ILCs in mesenteric lymph nodes are very low, but these cells are essential 
in the anatomical containment of lymphoid-resident commensals3. 

Phenotype characterisation studies revealed that the composition of ILCs is tissue-specific, and is 
subject to change during development, homeostasis, and inflammation (chapter 2, 3, 5). In peripheral 
blood and lung tissues, ILC2 constituted approximately 25-30% of the total ILC population, whereas 
these cells were virtually absent in the intestinal lamina propria of adults2. Conversely, NKp44+ ILC3 
represented the predominant subset in the lamina propria, whereas these cells were not present in 
peripheral blood in healthy individuals (chapter 2, 3, 5). Thus the ILC composition is tailored in order 
to optimally respond to the functions that are needed in a particular tissue.

ILC precursors
Several studies in mice demonstrated that the ILC precursors are already seeded in the tissues, and 
that these differentiate to the distinct ILC subsets in situ4, 5, 6, 7. But whether this occurs in a stochastic 
manner or is specifically regulated by factors that are present in the microenvironment, such as is 
the case with DC-primed T cells, is yet unknown. Given the tissue-specific ILC composition (chapter 
5), it is conceivable that ILCs develop from subset-specific progenitors, each with their own unique 
microenvironmental requirements that result in the preferential developmental outgrowth of one 
or multiple ILC subsets. In support of this idea is the identification of a human RORγt+ CD34+ ILC 
precursor in tonsil and intestinal lamina propria that gave rise to mature ILC3, but not ILC1 and ILC2 
7. However, our studies raise the possibility that a common ILC precursor exists which gives rise to 
one type of mature ILC subset, a naïve ILC that subsequently differentiates to the distinct subsets in a 
microenvironment-dependent manner (chapter 2-5). For example, cytokines, eicosanoids, hormones 
and other metabolites present in a particular tissue could promote a certain transcriptional program, 
which reciprocally inhibits the transcription factors that control the development of other ILC fates, in 
a similar manner as is observed in T helper cell biology8, 9. In this scenario, the identified RORγt+ CD34+ 
ILC precursor could be a precursor of such a naïve ILC, and the microenvironmental factors to which 
this precursor was exposed limited the potential to develop into the other ILC subsets. In support 
of this idea is the presence of high concentrations of the vitamin A metabolite retinoic acid (RA) in 
mucosal tissues that favour the maturation and activation of ILC3 at the cost of ILC1 and ILC210, 11, 12. 
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Whether reprogramming of ILCs occurs exclusively at the site of infection, involves the recruitment 
of cells from the periphery that subsequently transdifferentiated in situ, or combinations of these 
scenarios, is not resolved yet. However, recent studies using parabiotic mice, it was demonstrated 
that murine ILCs are tissue-resident cells that were maintained and expanded locally both under 
homeostatic conditions and following an inflammatory insult48, 49. It was moreover demonstrated 
that haematogenous ILC hardly migrate into the tissues. These studies support the idea that 
reprogramming of ILC does not involve recruitment of ILCs from the periphery but occurs at the site 
of inflammation.

Thus one could reason that the CD127+ ILC helper subset composition in distinct tissues is a result 
of a complex transdifferentiation program that is controlled by multiple transcription factors that 
can be induced or repressed in a temporospatial manner to activate specific functional programs 
that are specified by diverse functional requirements, and that the observed plasticity enables ILC to 
efficiently respond to a diverse spectrum of physiological events without the need of recruiting ILCs 
from circulation. 

Uncontrolled plasticity
Notwithstanding the importance in host defence, ILC plasticity also unveils another layer of 
complexity to the control of mucosal homeostasis, which needs to be tightly regulated, as imbalances 
may contribute to pathology. Indeed, a rapidly increasing number of mouse studies indicate that 
the persistent exposure of ILCs to an ongoing (chronic) inflammatory environment trap ILCs in 
an inflammatory state, which may become detrimental itself, propagating lung and intestinal 
immunopathology41, 45, 50, 51, 52. In this thesis we reported that the increased frequency of inflammatory 
ILC1 inversely correlated with the frequency of homeostatic ILC3 and ILC2, respectively in inflamed 
intestinal resection specimen from individuals that suffer from Crohn’s disease and bronchial 
resection specimen from individuals with COPD compared to non-inflamed material (chapter 2, 3, 5). 
Furthermore, we observed that the frequency of ILC2 was strongly increased in individuals with nasal 
polyps that suffer from allergic rhinosinusitis (CRS) as compared to control conchae (chapter 5)1. This 
disease was accompanied by enhanced levels of epithelial-derived TSLP and eosinophil-derived IL-4, 
which are in cross talk with ILC2, perpetuating type 2 inflammation.

 In agreement with studies in mice our observations suggest that in a variety of inflammatory conditions 
the ILCs are trapped in an inflammatory state and as such contributed to immunopathology.  However, 
it should be noted that the studied resection material here are from end-stage disease patients to 
which no drugs were sufficient anymore to suppress inflammation. Thus whether the observed shift 
in ILC composition directly contributed to the pathology, or is rather the consequence of such an 
event is difficult to determine in this setting. Using consecutive paediatric biopsy samples starting 
from patients that recently have been diagnosed with Crohn’s disease would help to elucidate the 
contribution of ILC1 in driving intestinal immunopathology. 

this respect natural killer (NK) cells could be considered as the innate equivalent of cytotoxic CD8+ T 
cells (CLT)14. Our data indicate that ILCs seem to preserve their potential to transdifferentiate towards 
inflammatory ILC1, and vice versa once the instigator of inflammation is removed (chapter 2-5). 
Although plasticity is also described for Th cells, plasticity is restricted to only certain Th subsets, and 
is irreversible8. From a teleological perspective this difference could be explained by that ILCs need 
to maintain their full transdifferentiation potential in order to promptly respond to environmental 
triggers, whereas T-cells come into play at a later stage once the exact antigen already is identified.

Our in vitro studies indicate that IL-12 is sufficient to induce a shift of ILC3 towards ILC1 and this 
could be reversed in the presence of IL-23, Il-1β and RA (chapter 2-3)2, 12. A similar shift from ILC3 
towards ILC1 was observed in experiments with HIS-mice, which were exposed to an acute chemically 
induced inflammation (chapter 2). Transfer of human “inflammatory” ILC1 to non-infected recipient 
HIS-mice could reverse the phenotype towards ILC3. In line with our human studies, another group 
demonstrated using a Rorγt fate-map mice that IL-22 producing ILC3 transdifferentiated towards IFNγ-
producing ILC1, which was accompanied by the down-regulation of the ILC3-defining transcription 
factor RORγt and inversely correlated with the up-regulation of the ILC1-defining transcription 
factor T-bet upon infection with the intracellular bacterium S. Enterica44, 45. Transfer of T-bet+ RORγt- 
RORγt-fm+ ILCs into recipient mice regained their expression of RORγt at steady state (chapter 3)12, 
demonstrating that ILCs readily adapt to the environment. 

In addition to the plasticity between ILC2 and ILC3 towards ILC1 and vice versa, our in vivo and clonal 
expansion studies indicate that ILC2 could acquire some characteristics of ILC3, such as enhanced 
expression of RORC in a portion of cells that lost the expression of CRTH2 (chapter 5). In support of 
these findings, a study using fate-mapping reporter mice demonstrated a phenotypic and functional 
shift from an ILC2 towards an IL-17 secreting RORγt+ ILC3 phenotype to protect the host against C. 
albicans46. Furthermore, it was reported that obese individuals have a reduced frequency of ILC247 
and are susceptible to obesity-associated airway hyper reactivity, a disease which is– at least partly 
– driven by IL-17A produced by ILC343. This links the loss of ILC2 in adipose tissues to an enhanced 
frequency of pathogenic IL-17A producing ILC3. It is tempting to speculate that the reduction of ILC2 is 
reciprocally connected to the increase of ILC3. Possibly the loss of the constitutive feed-forward loop 
between eosinophils, ILC2, and AAM37, 38 resulted in an enhanced development of IL-1β producing 
inflammatory macrophages (M1) that triggered in the presence of RA10 the transdifferentiation of 
ILC2 towards ILC3. 

Our studies indicate that ectopic over-expression of the ILC2 defining transcription factor GATA3 in 
blood-derived ILC3 was sufficient to up-regulate CRTH2 and to produce type 2 cytokines, such as IL-
4, IL-5 and IL-13 (chapter 4)39.  However whether such plasticity occurs under certain physiological 
conditions is currently under investigation. Transdifferentiation of ILC3 into ILC2 would be beneficial, 
for example, when the intestine, which is devoid of ILC2 at steady-state becomes infected with 
enteric nematodes. 



162

Chapter 6 Discussion

163

6

Concluding remarks
Taken together, as the uncontrolled activation of CD127+ ILC-specific transcription factors seem to 
play an important role in the pathogenesis of inflammatory and metabolic diseases, it would be 
of major interest to identify the molecular cues that dictate the transdifferentiation programs, as 
inferring or stabilizing these factors may be interesting targets for future therapeutic interventions. 
In support of this idea is the observation that cytokine-neutralization experiments were sufficient to 
diminish the transdifferentiation potential of ex-vivo isolated ILC subsets when exposed to a changed 
microenvironment (chapter 5), and inhibition of RORγt in freshly isolated ILC1 that were cultured 
under ILC3 skewing conditions abrogated their transdifferentiation potential (chapter 3)12.
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