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English summary

&The cells of the human immune system can be roughly divided into two 
groups, innate and adaptive immune cells. The cells of the innate branch of 

completely. Adaptive immune cells (T and B lymphocytes) are activated 

antibodies (B cells), produce cytokines and kill virus-infected cells (T cells). 

SLOs with the lymph. SLOs are comprised of, amongst others, the lymph 
nodes, tonsils and spleen. SLOs consist mainly of hematopoietic (immune) 
cells and supporting stromal cells. The SLO stroma offers mechanical 
support for immune cells and produces growth factors needed for survival 
and proper function of immune cells. Although the primary task of SLOs is 
proper activation of adaptive immunity, many innate cell types are present 
in these tissues, including innate lymphoid cells (ILCs).

ILCs
As their name suggests, ILCs belong to the innate branch of immune cells 
although they share many characteristics with adaptive lymphocytes. ILCs 
are found mostly in the vicinity of epithelial tissues (skin, mucosa and 
gastro-intestinal tract), where they guard the integrity of these tissues by 
producing cytokines (immune regulating signaling proteins). When infection 
occurs, ILCs produce large amounts of immune-stimulating cytokines. 

also play a role in regeneration of affected tissues. ILCs can be subdivided 
into three groups: ILC1, ILC2 and ILC3. This subdivision is based on the 
expression of cytokines and transcription factors and on the type of 
pathogens that cause the infection. Generally, ILC1s take part in immune 
reactions against viruses and intracellular pathogens by producing the 

(IL-)5 and 13, ILC2s help with the expulsion of multicellular pathogens 
(parasites and worms). ILC3s produce large amounts of IL-22 and IL-17A, 
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thereby guarding epithelial integrity and playing a role in immune reactions 

lymphoid tissue inducer (LTi) cell, is responsible for initiating the formation 
of lymph nodes during embryonic development. In addition to epithelial 
tissues and embryonic SLOs, all ILCs are present in adult blood and SLOs.
Other groups have shown that ILCs play multiple roles in adult SLOs. Using 
mouse models, it was shown that ILCs are important in restoring lymphoid 

unwanted immune responses against commensal bacteria. Most research 
on ILCs, especially in SLOs, has been done in mice. The aim of the research 
presented in thesis was to further unravel the relationship between ILCs 
and SLOs in adult humans in both health and disease.

As mentioned, ILCs continuously reside in SLOs. Other groups have shown 

interact with lymphoid tissue stromal cells. Using a new method for isolation 
and culture of functional human lymphoid stromal cells from tonsils, we 
show in chapter 2 that these stromal cells support survival of ILCs in culture. 
Apart from ILC survival within SLOs, all ILC types are also present in adult 
human peripheral blood. Although the cells in the blood show some of the 
same features as tissue ILCs, blood ILCs produce considerably less cytokines 
upon activation. Blood ILCs express proteins (CD62L and CD45RA), which 

cells). To investigate whether ILCs in blood can indeed be considered naïve 
and in need of further stimulation, we compared gene expression of ILC3s 
from blood with ILC3s derived from human SLOs (lymph nodes, spleens and 
tonsils). This analysis showed that while ILC3s from blood are genuine ILCs, 
they express genes that are characteristic of less mature cells. Future research 
will shed light on the stimuli that blood ILC3s receive upon entering SLOs, 
which lead to their maturation into fully functional, cytokine producing cells.
In chapter 4 we show that ILCs from the blood enter SLOs using the same 
mechanism used by naïve T cells. As mentioned previously, blood ILCs 

bloodstream into SLOs. A subset of ILCs in both human and mouse SLOs 
express this protein as well, further suggesting that these cells migrate from 
the blood into these tissues. To prove this, we treated mice with an antibody 
blocking CD62L (anti-CD62L). In SLOs of mice treated with anti-CD62L we 
indeed found less CD62L expressing (CD62L+) ILCs. After entering an SLO, 
naïve T cells leave these tissues and return to the bloodstream, unless they 
are activated. This process is mediated by a different protein, S1PR1. To 
investigate whether CD62L+ ILCs return to the bloodstream using the same 
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mechanism, we treated mice with a compound that blocks S1PR1 activity 
(FTY-720). As expected, SLOs of FTY-720 treated mice contained more 
CD62L+ + ILCs can circulate between 
the bloodstream and SLOs, similar as naïve T cells. In chapters 3 and 4 we 
show that CD62L+ ILCs in both humans and mice do not express proteins 

ILC1, 2, or 3. Interestingly, in the peripheral blood of patients suffering from 
Crohn’s disease we found fewer CD62L+ ILCs as compared to the peripheral 
blood of unaffected patients. This shows that, in case of chronic immune 
activation, fewer CD62L+ ILCs are present in the circulation. Together, these 
results suggest that CD62L+ ILCs are circulating, less mature cells that can 

the bloodstream and assist in the ongoing immune response.

To prevent immune reactions directed against healthy self-tissues, naïve T 
cells are selected based on expression of a T cell receptor unable to recognize 

antigen in a protein complex called MHC-II and binding of co-stimulating 
receptors. T cell-activating signals are provided in SLOs by professional 
antigen presenting cells (APCs), typically dendritic cells (DCs), B cells or 
macrophages. In general, a T cell encountering its cognate antigen in absence 
of co-stimulation will die or become anergic, i.e.
activating stimuli. We show in chapter 5 that, like in mice, human ILC3s can 
present antigen to T cells in MHC-II, albeit MHC-II expression on ILCs is 
lower than on professional APCs. Regardless, human ILC3s can form a so-
called immunological synapse with T cells. Therefore, the MHC-II expressed 
on the ILC membrane is functional. As opposed to professional APCs, ILC3s 
do not express co-stimulatory molecules and upon co-culture, ILC3s were 
indeed unable to stimulate T cells. Unexpectedly, lack of co-stimulation was 
not the only reason for this lack of activation. Addition of IL-2, a cytokine 
produced by newly activated T cells and necessary for survival and further 
activation of both T cells and ILCs, was necessary along with exogenous co-
stimulation to partially rescue T cell activation upon co-culture with ILCs. 
These results show that ILC3s can suppress T cells by presenting antigen in 
the absence of co-stimulation and by scavenging of IL-2. Further research 
will have to elucidate how ILCs take up antigen and what kind of antigen 
they present to T cells, but this seems to be a mechanism of keeping T cell 
reactivity against innocuous non-self antigens (e.g. commensal bacteria or 
food antigen) in check.
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In chapter 6
a metabolite of vitamin A, on circulating human lymphocytes. Retinoic acid 
is a molecule known to have different effects on the immune system. For 
this reason, we analyzed blood ILCs from patients suffering from chronic 
hand eczema (CHE) and who were treated with retinoic acid. In the blood of 
these patients, ILC2 numbers declined and ILC3 numbers increased during 
the course of treatment. Also, these cells expressed lower levels of proteins 
that mediate migration to the skin, and higher levels of proteins implicated 
in migration to the gastro-intestinal tract. It seems thus that treatment with 
retinoic acid results in reprogramming of ILCs and mediates migration of 

less harmful. It has been shown in the past that by producing IL-13 and IL-5, 
ILC2s play a role in a plethora of allergies and in atopic eczema, a condition 
resembling CHE. Our data suggest that treatment with retinoic acid reduces 

Although ILC development from a bone marrow resident precursor to a 
fully mature cell has been described extensively in mice, this is not the case 
for human ILCs. To investigate this matter, we analyzed umbilical cord blood 
(UCB), which is enriched for less mature cells as compared to adult blood. 
We have detected a number of differences between adult blood and UCB 
ILCs. First and foremost, more ILCs are present in UCB. Also, the subdivision 
into the different subsets of ILCs is different between adult blood and UCB; 
UCB harbors more ILC2s and less ILC1s, and ILCs in UCB express a number 
of proteins at different levels. In UCB we detected a population of ILCs, 
which was virtually absent in adult blood. In addition to the aforementioned 

mice and mediates migration to the gastro-intestinal tract in adult mammals. 

adult blood and UCB. Our hypothesis is that the cells expressing both proteins 
are precursors that develop to the CD62L+ ILCs described in chapters 3 and 4. 
The latter can develop further to gut-homing CD62L- + ILCs upon proper 
stimulation.

Considering ILCs are a small population of cells (less than 0.05% of all 

relevant these cells are. With the notable exception of lymph node 
formation during embryonic development, to date no condition has been 
described in which ILCs were indispensable. Importantly, the role of ILCs in 
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lymphoid tissue development has been described in mice and has not been 

in protein expression by ILCs can be readily detected and ILCs can serve as a 
biomarker for the diagnosis of certain diseases. Lower expression of CD62L 
in the blood of Crohn’s disease patients is such an example.
In conclusion it appears from our work that the interaction between SLOs 
and ILCs reaches further than lymph node formation alone. In adult SLOs 

and SLOs will need to be investigated further in the future, leading to new 
insights in the role of ILCs in regulating adaptive immunity in both health 
and disease.


