
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

Function and pathology of the human retinal pigment epithelium

Booij, J.C.

Publication date
2010

Link to publication

Citation for published version (APA):
Booij, J. C. (2010). Function and pathology of the human retinal pigment epithelium. [Thesis,
fully internal, Universiteit van Amsterdam].

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:24 May 2023

https://dare.uva.nl/personal/pure/en/publications/function-and-pathology-of-the-human-retinal-pigment-epithelium(f4e9aaba-b173-4273-97b0-6063854ccc62).html


Summary

10



202

Chapter 10

Chapter one: Introduction
Chapter one describes the anatomy, embryology and function of the 
retinal pigment epithelium (RPE). It also describes a number of important phenotypes related 
to the RPE.

Chapter two: The human RPE, gene expression and function
The RPE is one of the most important cell layers of the retina, involved in vision. Therefore 
it not surprising that genes expressed in the RPE are also involved in macular and peripheral 
retinal diseases like age-related macular degeneration (AMD) and retinitis pigmentosa (RP). 
We determined level and variability of gene expression in the RPE and we performed bioin-
formatic analyses in order to gain insight into the functional properties of the RPE. To this 
end we isolated macular RPE cells from healthy human donor eyes using laser dissection mi-
croscopy and we performed microarray analyses using 22k microarrays. Our bioinformatic 
analyses were carried out using the web tool David and Ingenuity software. 

The top 10% of genes with the highest expression levels in the RPE showed an overrepre-
sentation of genes involved in oxidative phosphorylation, ATP synthesis and the function of 
the ribosome. The top 10% of genes with the highest interindividual variation in expression 
included genes involved in AMD, in signaling and in the complement cascade. Surprisingly, 
genes involved in Bruch’s membrane (BM) composition also showed very highly variable 
expression levels. 

In conclusion, we showed in chapter two that the RPE has strong energy demands, high 
levels of protein synthesis and is exposed to high levels of oxidative stress and to a variable 
degree of inflammation. These data confirm that the results from a large number of functional 
studies in animal models can also be applied to humans. In addition, they can be useful for 
the identification of candidate retinal disease genes.

Chapter three: Human RPE-specific gene expression
Large scale studies into RPE gene expression are often limited in specificity due to poor 
sample selection, cellular manipulation or contamination from adjacent cell types. In chapter 
three we analyzed the molecular characteristics of the RPE with a specific focus on elimi-
nating contamination from cell types adjacent to the RPE, photoreceptors and choroid. We 
isolated RPE, photoreceptors and choroidal cells from healthy human donor eyes using la-
ser microdissection in order to identify RPE-specific expressed transcripts. In addition, we 
expanded our dataset from 22,000 features (chapter two) to 44,000 features, covering the 
entire human genome. We made triplicate comparisons of the transcriptomes of the RPE, the 
photoreceptors and the choroid and we deduced RPE-specific expression. 

We identified 114 genes with RPE-specific expression (defined as at least 2.5 times higher 
expression in the RPE than in the adjacent photoreceptor and choroidal cells in all compari-
sons). Thirty-nine of these 114 genes also showed high expression in the RPE, as determined 
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in our experiments from chapter two[1]. In order to find support for our findings, we per-
formed a literature search. Indeed, 85% of these 39 genes were previously identified to be 
expressed in the RPE. The remaining 15% were not identified previously. However, we con-
firmed their expression in the RPE by sRT-PCR. In the group of 114 RPE-specific genes there 
was an overrepresentation of genes involved in ophthalmic disease and genes involved in 
(membrane) transport and vision. More fundamentally, we found RPE-specific involvement 
in the retinoic acid receptor (RAR)-activation, the retinol metabolism and gamma aminobu-
tyric acid (GABA)-receptor signaling pathways. In conclusion, in chapter five we provided a 
further specification and understanding of the RPE transcriptome by identifying and analyz-
ing genes that are specifically expressed in the RPE. 

Chapter four: Review of human Bruch’s membrane
Bruch’s membrane (BM) is a unique pentalaminar structure, strategically located between 
the RPE and the choroid. It plays an essential role in maintaining the function of the retina. 
This acellular structure regulates the diffusion of molecules between the RPE/retina and the 
general circulation. More specifically, together with the RPE it regulates the exchange of 
nutrients, oxygen, fluids and metabolic waste between the choroid and the photoreceptors. It 
also provides physical support for RPE cell adhesion, migration and possibly differentiation, 
and it acts as a barrier restricting choroidal and retinal cellular migration[2].
With age, many functional properties of BM change, leading not only to normal age-related 
changes in the RPE and photoreceptor cells, but possibly also influencing the onset and/or 
progression of diseases like RP and AMD. In the aging BM, white-yellow deposits, drusen, 
can be seen[3]. Soft confluent drusen are a first manifestation of AMD[2], indicating the in-
volvement of BM in the onset and development of this disease.

In chapter four we reviewed the current literature on the normal structure and function of 
BM and the changes that occur with age and placed them in the context of our new RPE 
expression data. We described the formation and composition of drusen and we discussed the 
changes that occur in pathological processes like AMD.

Chapter five: The origin of human Bruch’s membrane proteins
Studies in chickens and mice have shown that both the RPE and the choroid contribute to the 
development of BM, and it has been suggested that BM is composed of molecules synthe-
sized both in the RPE and the choroid[4,5]. Indeed, the acellular nature of BM explains the 
necessity of involvement of adjacent tissues in the development, maintenance and turnover 
of BM. However, the extent of involvement of the RPE, the choroid or even the photorecep-
tors has not been thoroughly examined in humans. 

In chapter five we studied the human cellular expression levels of RPE and choroidal genes 
coding for BM proteins, in order to gain insight into the origin of BM components. In a simi-
lar fashion we studied the genes encoding drusen proteins in order to determine the origin of 
proteins present in drusen.
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We showed that most collagen and laminin subtypes known to be present in BM are ex-
pressed at higher levels in the choroid than in the RPE. For drusen proteins we showed that 
most corresponding genes are either expressed at higher levels in the choroid than in the RPE 
or are derived from serum. The drusen proteins with higher gene expression in the choroid 
are involved in extracellular matrix receptor interaction and cell-cell communication. This 
suggests the choroid and serum play an important role in the formation of drusen. The ma-
jority of BM and drusen proteins appear to be derived from the choroid. This knowledge on 
the origin of BM and drusen proteins may have implications for the research into treatments 
for retinal disorders like AMD. The knowledge on the origin of BM proteins may also have 
implications for the age of onset of retinal disorders.

Chapter six: Mutation analysis in early-onset peripheral retinal dystrophies
Autosomal recessive retinitis pigmentosa (arRP) and Leber congenital amaurosis (LCA) are 
two retinal dystrophies, characterized by RPE and photoreceptor cell death, primarily affect-
ing the peripheral retina. During the course of the disease, in both cases the central retina may 
become involved. RP is characterized by night blindness, progressive constriction of the vi-
sual field and typical fundus abnormalities. The disease is very heterogeneous and is thought 
to have overlapping features with LCA. LCA is an autosomal recessive retinal dystrophy 
that leads to severe visual impairment in the first year of life. LCA is characterized by a con-
genital nystagmus and a decreased pupillary response. Onset of severe visual complaints for 
LCA patients is usually earlier in life than for juvenile RP patients. Overlap between the two 
phenotypes consists of pigmentary changes in the retina and a reduced electro-retinogram 
(ERG). Many intermediate phenotypes have been described, both concerning age of onset, 
symptoms and retinal signs[6].

Genetically, at least 17 genes are currently known to be involved in arRP. Thirteen LCA 
genes have been cloned; five of these genes can cause both arRP and LCA[7]. In chapter six 
we screened 35 unrelated patients with juvenile arRP, juvenile isolated RP (IRP, RP with no 
known inheritance pattern, for example due to the fact that the patient is the only affected 
person in a family), or LCA, for mutations in five LCA genes, AIPL1, CRB1, GUCY2D, 
RPE65 and RPGRIP1. We found mutations in 34% of our patients, in 17% of arRP patients, 
in 56% of IRP patients and in 44% of LCA patients. Mutations were found in CRB1 (11% of 
all patients), GUCY2D (11% of all patients), RPE65 (6% of all patients), and RPGRIP1 (6% 
of all patients). Among the mutations identified, there was a new combination of two muta-
tions in CRB1, and new mutations in GUCY2D and RPGRIP1. The new GUCY2D mutation 
did not lead to the commonly associated LCA, but to a juvenile RP phenotype. RP patients 
carried mutations in three genes associated with LCA (CRB1, GUCY2D, and RPGRIP1) 
and LCA patients carried mutations in CRB1, GUCY2D, and RPE65. These data, combined 
with previous reports, suggest that LCA and juvenile RP are closely related and belong to a 
continuous spectrum of juvenile retinitis pigmentosa. The identification of mutations remains 
important for the selection of patients for (future) clinical trials and (gene) therapy.
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Chapter seven: Genotype-phenotype correlation in vitelliform macular dystro-
phy 
Vitelliform macular degeneration (VMD) is a retinal dystrophy primarily affecting the macu-
lar area. In VMD the RPE cells and photoreceptors eventually become damaged. The VMD 
phenotype can also lead to significant vision loss. VMD predominantly has an autosomal 
dominant inheritance pattern, although autosomal recessive inheritance is also oberved, and 
has a prevalence of approximately one in 10,000[8]. The clinical diagnosis is based on a 
decreased visual acuity (VA), the presence of one of six typical VMD stages in the macular 
area and a decreased light peak-dark trough ratio on the electro-oculogram (EOG). VMD is 
caused by a mutation in the Best1 gene, coding for a protein with four transmembrane do-
mains, the transcribed protein is located in the basolateral membrane of the RPE. The onset 
and clinical course of VMD are highly variable, it is uncertain whether this is caused by the 
type and/or the location of the mutation. 

In chapter seven we described the phenotype-genotype correlation in a group of 53 patients 
with VMD, proven by mutation analysis, with an mean follow up time of 15.3 years for 40 
patients. Virtually all patients showed a gradual decline in VA without reaching legal blind-
ness. However, we also found that the phenotype was highly variable, and in some cases 
depended strongly on the genotype: patients with an Ala10Val mutation had significantly 
faster progression compared to patients with a Thr6Pro or a Tyr227Asn mutation. In addition, 
we described two pedigrees with the same mutation, but with highly variable phenotypes. 
Finally, our data demonstrated there are great differences in clinical consequences associ-
ated with the presence of a disease-causing mutation. We showed a proband with a disease-
causing sequence change and a pronounced phenotype; we also showed related carriers of 
the same sequence change with no pathology. Insight into the underlying mechanisms and 
further studies in a larger number of pedigrees may provide clues for future clinical care. 

Chapter eight: High throughput mutation analysis 
The RPE and the photoreceptors express the great majority of retinal disease genes at high 
levels. Currently, approximately 150 retinal disease genes have been identified for as many 
as 30 different retinal diseases. The identification of a causative mutation is crucial for con-
firmation of the clinical diagnosis, for patient counseling and for future gene-targeted treat-
ment. However, many phenotypes are poorly delineated and may show overlap with other 
phenotypes. In addition, the large number of genes that can be associated with the disease 
pose a diagnostic challenge. The costs to screen these genes one by one in every patient are 
prohibitively high. A screening tool that can identify both known and new mutations in a 
large number of potential disease genes in a cost-effective manner is therefore essential. 

In chapter eight we described the development and validation of a new 300 kb retinal rese-
quencing chip, capable of screening 90 different retinal disease genes in a single experiment. 
We developed and tested multiplex primers for 1,445 amplicons corresponding to the genes 
on the chip. In order to validate the chip, we performed the following duplicate experiment: 
87 exons from 25 retinal disease genes containing 87 known sequence changes, were simul-
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taneously amplified from DNA samples of 60 patients with a variety of retinal disorders. We 
found call rates for successfully hybridized amplicons of 98% to 100%. The sensitivity of the 
chip for point mutations was 99%, while, as expected, deletions could not be detected. The 
specificity of the chip was 100%. The large number of genes on the chip enables us, for future 
diagnostic purposes, to analyse multiple patient with phenotypes corresponding to mutations 
in non-overlapping genes together on a single chip.
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