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INTRODUCTION 
Chronic inflammatory disorders such as inflammatory bowel disease (IBD) and psoriasis have a 
multifactorial etiology that is characterized by dysregulated immune responses.1,2 In IBD, symptoms 
like diarrhea and abdominal pain are considered to develop as the result of an inappropriate 
inflammatory response to intestinal microbes in a genetically susceptible host.1 Psoriasis affects 
about 2% of the population and is characterized by  infiltration of the skin by innate and adaptive 
immune cells that cause well-demarcated plaques of thickened epidermis.2 Another condition 
characterized by aberrant activation of the immune system is graft-versus-host disease (GvHD). 
GvHD frequently complicates allogeneic hematopoietic stem cell transplantation (HSCT) and is 
characterized by destruction of healthy tissues (including the gut, skin and liver) by alloreactive 
immune cells from the donor that recognize ‘non-self’ antigens in the recipient. Allogeneic HSCT 
is an important modality in the treatment of patients with hematologic malignancies, but HSCT 
outcomes are often hampered by the morbidity and mortality associated with GvHD.3

A better understanding of the cascade of events leading to the aberrant activation of immune cells in 
auto- and alloimmune disorders is important for the development of targeted therapies that can alter 
the sometimes disastrous effects of such diseases. Innate lymphoid cells (ILCs) represent a recently 
described family of lymphocytes with important functions in barrier immunity, mucosal homeostasis 
and tissue repair. In this thesis we explore the presence and function of human ILCs in the context 
of chronic inflammation and GvHD.

The recent identification of a unique family of cells
About ten years after the identification of T and B lymphocytes as separate members of the lymphoid 
system,4 Kiessling and colleagues added natural killer (NK) cells as a third group of lymphocytes.5  
From then on, lymphocytes could be categorized as adaptive (expressing an antigen-specific 
receptor; T and B lymphocytes) or innate (not expressing an antigen-specific receptor; NK cells). 
NK cells are cytotoxic innate lymphoid cells, that kill target cells that lack the ligands for inhibitory 
receptors expressed by NK cells. Killing of these targets was found to be mediated through the 
release of cytotoxins, and without the need for prior sensitization. More than twenty years after 
this initial discovery of innate lymphoid cells a second type of innate lymphocytes was identified, 
the lymphoid tissue inducer (LTi) cell.6 LTi cells are essential for the formation of lymph nodes and 
Peyer’s patches and can be found in human mesenteric lymph nodes as early as at 8 weeks of 
gestation. The discovery of the LTi cell was followed by the identification of IL-22 producing ‘LTi-like 
cells’ in postnatal tissues that variably expressed NK cell receptors, such as CD56, and the natural 
cytotoxicity receptors NKp44 (in humans)7 and NKp46 (in mice and humans).8,9 Notably, LTi-like 
cells were reported to be negative for other NK markers as CD16, CD94, granzymes and perforin, 
which allowed for proper phenotypic discrimination. These LTi and LTi-like cells are now referred to 
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as ILC3s.10,11 It became clear that the innate lymphocyte compartment also harbored other non-
cytotoxic subsets, including ‘nuocytes’12 and ‘natural helper cells’,13 type 2 cytokine producing 
innate cells that are now collectively called ILC2s,11,14 and type 1 cytokine producing cells now 
referred to as ILC1s.15 Together these non-cytotoxic ILCs turned out to be the innate equivalents of 
the T helper family, closely aligned in the production of cytokines and with a similar involvement in 
the physiology and pathophysiology of immune responses.

Key characteristics of ILCs 
ILCs can be found throughout the body, but are enriched at barrier surfaces. In the peripheral blood 
ILCs represent only a small fraction of the total lymphocyte pool: about 0.1% of the circulating 
lymphocytes. ILCs are lineage negative cells, e.g. not expressing markers for stem cells (CD34), 
myeloid and plasmacytoid dendritic cells (CD1a, CD11c, CD123, BDCA2), monocytes and 
macrophages (CD14), mast cells (FceR1) and adaptive lymphocytes (T cell receptor, CD3, CD19). 
ILCs commonly express CD45, CD127 and CD161 and can be further categorized into ILC1s, ILC2s 
and ILC3s based on the expression of  CRTH2 (chemoattractant receptor-homologous molecule 
expressed on TH2 cells), CD117 and the natural cytotoxicity receptor (NCR) NKp44. As ILCs only 
express germline-encoded receptors, and thus lack the need for antigen-specific priming, they are 
poised to respond rapidly when necessary. ILCs can thereby play a pivotal role in the initiation phase 
of inflammatory processes  and immunity to pathogens. 

ILC1s
Based on the expression of CD56 and CD16, NK cells have long been subdivided in a subset with 
enhanced killing activity (CD56loCD16+) and a subset with the ability to secrete large amounts of the 
cytokines IFN-γ, GM-CSF and TNF (CD56hiCD16-).16,17 The latter subset is mostly non-cytotoxic and 
was found to partly express CD127, a fraction that might represent the human equivalents of the 
Notch dependent thymic NK cells that were described in the mouse.18,19 Although these cells have 
not been well characterized yet, several reports describing the production of IFN-γ by CD127+ ILCs 
suggests that these IFN-γ producers might represent the innate counterparts of T helper 1 (TH1) 
cells. 

ILC2s
Human ILC2s express CRTH2, variable levels of c-Kit and they lack expression of NKp44. ILC2s 
are responsive to the epithelial cell-derived cytokines IL-25, IL-33 and thymic stromal lymphopoietin 
(TSLP),14 which are secreted after exposure to helminths and allergens and are also involved in Th2 
responses. ILC2s respond to these cytokines with production of the type 2 cytokines IL-4, IL-5 
and IL-13.14,20 ILC2s express the transcription factor retinoid-related orphan receptor alpha (RORα) 
and functionally depend on the transcription factor GATA binding protein 3 (GATA3), as was shown 
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by a reduced response to IL-33 and TSLP upon partial silencing of GATA3.20 Conversely, ectopic 
expression of GATA3 in CRTH2- ILCs resulted in induction of CRTH2 and the capacity to produce 
type 2 cytokines in response to TSLP and IL-33.20 In addition to producing type 2 cytokines, another 
important feature of ILC2s is their capacity to process and present antigen to T cells. Human ILC2s 
express high levels of HLA-DR and the antigen-specific interaction between ILC2s and T cells was 
shown to be important for the initiation of type 2 cytokine expression by T cells.21 

ILC3s
Human ILC3s are CRTH2-negative ILCs that express the stem cell factor (SCF) receptor c-Kit 
(CD117) and are categorized into NKp44-negative and NKp44-positive ILC3s. NKp44+ ILC3s are 
found throughout the body, particularly at mucosal sites, but are virtually absent from the circulation 
in healthy individuals. Stimulation of NKp44+ ILC3s with IL-23 and IL-1β results in expansion of the 
cells22 and secretion of IL-22, an important cytokine in the regulation of mucosal homeostasis and 
tissue repair.7,23 NKp44- ILC3s were shown to acquire NKp44 and the capacity to produce large 
amounts of IL-22 when cultured with IL-23 and IL-1β. This differentiation was also observed for 
mouse NKp46- ILC3s after adoptive transfer in vivo.24 All ILC3s express RORγt and the transcription 
factor aryl hydrocarbon receptor (AHR) which is essential for the development of ILC3s.7,25 Mouse 
studies revealed an important role for ILC3s and IL-22 in protection of the host against the enteric 
pathogen Citrobacter rodentium.7,26

Scope of this thesis
ILCs have emerged as important regulators of anti-microbial immunity and tissue homeostasis and 
may also play a role in autoimmune diseases. Most of our knowledge about ILCs in the context of 
inflammatory disorders and tissue repair comes from mouse studies. Observations in the mouse 
however, do not necessarily apply to the human situation. The aim of this thesis is to investigate 
human ILCs in the context of inflammation and repair. In particular we focused on ILC development, 
and the involvement of ILCs in autoimmune disorders like IBD and psoriasis and in the alloimmune 
GvHD.
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