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Summary 

This thesis deals with the cytokine production of retinal pigment epithelial (RPE) 

cells. RPE cells are thought to play an important role in immune reactions not only by 

cytokine production, but also by their ability to express MHC class II antigens, adhesion 

molecules and FasL. In chapter 2 an overview is provided of the cytokines produced by 

RPE cells and how this production is regulated. Furthermore, the immunological and 

inflammatory effects of cytokines on RPE cells are addressed. 

The retinal pigment epithelium is strategically situated between the photoreceptors 

and vascularized choroid. This monolayer of RPE cells is part of the blood eye barrier, 

which prevents access of blood cells and plasma proteins. The eye is regarded as an 

immune privileged site where immune reactions are strictly regulated to prevent damage 

to the fragile neural tissue and to maintain transparency of the optic media. The RPE may 

contribute to the maintenance of immune privilege by forming a physical barrier for 

immune cells. In addition to this passive contribution, RPE cells may contribute to such 

highly regulated immune responses by the secretion of anti-inflammatory cytokines, like 

TGF-ß2. Another active contribution could be the secretion of (pro-)inflammatory cytokines 

preferentially in the direction of the choroid, thereby reducing potential damage to the 

neuroretina during inflammation. 

In chapter 3 it is shown that primary donor-derived RPE cells secrete the 

pro-inflammatory cytokines IL-6 and IL-8 in a polarized manner towards the basolateral 

side (which represents the choroidal side) irrespective of the side of stimulation. In 

contrast, the ARPE-19 cell line secreted IL-6 and IL-8 towards the basolateral side only 

after basal stimulation. The reason for the discrepancy between the ARPE-19 cell line and 

the donor-derived cultures is not clear, but may be due to differences in differentiation 

state of the cells. The observed difference emphasizes the importance of using primary 

cultures for these experiments. In chapter 4 it is shown that another pro-inflammatory 

cytokine, MCP-1, was secreted in a similar manner as IL-6 and IL-8, ie in the direction of 

the basolateral/choroidal side. The anti-inflammatory cytokine TGF-ß2 was constitutively 

expressed in relatively low amounts and this was not upregulated after treatment with 

IL-1ß or TNFa (chapter 4). Furthermore, in chapter 4 it is also shown that TGF-ß2 is 

secreted in a polarized manner as well, but the direction of secretion varied between 

different RPE cell donors. The reason for this variation in direction of secretion is not yet 

known. Likewise, heterogeneity between RPE cells for cytokine production, for growth rate 
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and for phenotypic appearance has been described and is subject of further research. It 

has been suggested that the observed heterogeneity is due to donor variation or the result 

of differences in RPE cell phenotype; RPE cells in the vicinity of the pars plana may differ 

from RPE cells near the optic nerve head. Thus, although the direction of TGF-ß2 

secretion by RPE cells varied, the direction of all other (pro-inflammatory) cytokines tested 

was directed towards the choroid. This may be a mechanism to limit damage to the retina. 

An intriguing question is what the effect of polarized cytokine secretion is on the 

migration of immune cells. Two of the investigated cytokines, IL-8 and MCP-1, are 

chemokines and are mainly secreted at the basolateral/choroidal side. In situ, this would 

activate immune cells to migrate (over an increasing gradient of these chemokines) via the 

choriocapillaris up to the RPE layer. What happens thereafter is subject of speculation. 

Due to a higher concentration of chemoattractants at the choroidal side as compared to 

the retinal side, the immune cells may not cross this barrier, providing an additional 

protective mechanism to the eye. The concentration of the chemokines, however, may be 

lower at the choroidal side of the RPE as compared to the side of the photoreceptors, due 

to dilution by plasma. As a result, immune cells (neutrophils or T cells) may migrate across 

the RPE. Furthermore, the RPE cells express various adhesion molecules, which facilitate 

the transmigration of immune cells. In addition, other factors may be produced by the RPE 

cells that enable immune cells to migrate across this layer. Taken together, the effect of 

polarized secretion of chemoattractants by RPE cells on the transmigration of immune 

cells across the RPE cell barrier is not known and needs further research. Experiments 

investigating the migration of immune cells across RPE cell monolayers cultured on 

transwell filters may shed more light on this subject. The culture system as it was used in 

the present studies should be modified for such migration studies, because the pores in 

the transwell filters used are too small to allow cells to migrate through the filter. Moreover, 

RPE cells should be cultured on the other side of the transwell filter to allow the immune 

cells to migrate from the basolateral/choroidal side to the apical/retinal side. Another 

approach to determine the effect of cytokine production by RPE cells is the generation of 

transgenic mice (over)expressing cytokines under control of a RPE cell specific promotor. 

The polarity of VEGF secretion by the RPE cells in vitro and the expression of 

VEGF receptors in situ in the eye where investigated in order to elucidate a paracrine 

relation between the RPE and the choriocapillaris. Chapter 5 describes that VEGF is 
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secreted by RPE cells in a polarized manner at the basal side. The VEGF secretion at the 

basal side, but not at the apical side, was enhanced under hypoxic conditions. The 

expression of the VEGF receptors KDR and flt-4 was predominantly localized on the 

adjacent choriocapillaris. These observations suggest that the RPE plays an important 

role in the maintenance of the highly vascularized and fenestrated choriocapillaris. Further 

research is required to determine the involvement of the RPE and of RPE-derived VEGF 

in disease associated neovascularization. 

RPE cells appear to be highly sensitive for IL-1. In response to this cytokine, RPE 

cells produce other cytokines, nitric oxide and express adhesion molecules (chapter 2). 

IL-1 activity can be inhibited by its natural antagonist IL-1ra, although a 100-fold excess 

over IL-1 is needed to get an inhibitory effect. Chapter 6 is focussed on the expression of 

the interleukin-1 receptor antagonist (IL-1ra) by RPE cells. Human RPE cells express 

mRNA of slL-1ra and of two known splice variants of iclL-1ra (IL-1 ral and IL-1 rail). 

Stimulation with IL-1 ß or PMA enhanced the mRNA levels of slL-1ra and iclL-1 ral, 

whereas iclL-1 rail mRNA levels were not upregulated. IL-1ra protein was mainly found in 

cell lysates, but some RPE cell lines also secreted small amounts of IL-1ra. The function 

of iclL-1ra is not yet known, but it is suggested that it may block the intracellular signalling 

of IL-1a, which is active in its precursor form. lclL-1ra may also be released after cell 

damage or may be secreted under certain conditions as has been shown by airway 

epithelial cells. Knock-out mice may shed light on the role of intracellular IL-1ra in RPE 

cells. Expression of a new splice variant of IL-1ra (IL-1ra type III) and the identification of a 

new exon in the IL-1 ra gene was also described in chapter 6. Due to a stop codon in this 

new exon, this new iclL-1 ra splice variant is coding for a small protein of only 27 amino 

acids. The fact that this protein contains a glycine-rich region, which is also found in 

nucleic acid binding proteins, suggests that it may be involved in transcription regulation. 

Experiments to elucidate the function of this protein in RPE cells may include transfection 

of RPE cells to overexpress the protein. Chapter 6 further describes the IL-1ra 

polymorphism of the RPE cell lines used. Although the number of cell lines examined was 

too small to find significant differences in IL-1ra expression between donors with a 

different IL-1ra polymorphism, a possible correlation was found that cells with the A1A2 
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genotype showed higher iclL-1ra protein production as compared to cells with the A1A1 

genotype. 

Our findings add to the increasing complexity of the IL-1 system, which includes 

two cytokines (IL-1a and IL-1 ß), a converting enzyme for pro-IL-1 ß (ICE), antagonists 

(slL-1ra, iclL-1 ral, iclL-1 rail and icll_-1ralll) and three (soluble) receptors (IL-1R type I, 

IL-1R type II and IL-1 R accessory protein). RPE cells express the mRNA of various 

members of this system, but only IL-1a, slL-1ra and iclL-1ra have been detected at the 

protein level. Further research is needed to disentangle this complex system in RPE cells. 

The results of these studies indicate that RPE cells are involved in the maintenance 

of the immunosuppressive milieu inside the eye. The production of IL-1ra by RPE cells 

may prevent or limit inflammatory responses in the posterior segment of the eye. The 

polarized secretion of pro-inflammatory cytokines by RPE cells may support these 

protective mechanisms. Further research is required to elucidate the complex 

mechanisms involved in regulation of immune responses in the eye. The studies 

described here may provide new starting points for research in this field. 
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