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Chapter 15

Chapter 1, Figure 1. Schematic overview of the genes involved in the phototransduction cascade along with their 
location in the photoreceptors and RPE.
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ROS: rod outer segment, IPM: interphotoreceptor matrix, RPE: retinal pigment epithelium cell. Circle and arrows 
indicate the visual cycle, letters in square boxes indicate proteins involved[9].

Chapter 1, Figure 2. Embryological development of the retina.

 Reprinted with permission from Progress in Retinal and Eye Research, 14,1, Reichenbach A and Pritz-Hohmeier 
S., Normal and disturbed early development of the eye Anlagen, 1-45, Copyright (1995), with permission from 
Elsevier
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Chapter 1, Figure 3. Schematic overview of the functional properties of the RPE.

From: Strauss 2005, Physiol Rev.

 Physiological review, 85 (845-881) O. Strauss et al. Reprinted with permission from The American Physiological 
Society

Chapter 1, Figure 4. Schematic overview of genes involved in the visual cycle that, when mutated, are responsible 
for causing a retinal phenotype.
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ROS: rod outer segment, IPM: interphotoreceptor matrix, RPE: retinal pigment epithelium cell. Circle and arrows 
indicate the visual cycle[9].
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Chapter 3, Figure 1. Overview of the (cell) layers surrounding the RPE. 
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The dark brown rectangles connecting the RPE cells indicate tight junctions present between the cells. Phot: pho-
toreceptors.

Chapter 4, Figure 1. Schematic drawing of proteins present in Bruch’s membrane (see main text) and the correspond-
ing genes expressed in adjacent cells.
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We identified three genes (COL4A3, FNDL5, TIMP3) with higher expression levels in the RPE than in the choroid, 
and 17 genes (remainder) with higher expression levels in the choroid than in the RPE. A qualitative impression of 
the gene expression is given. Gene expression levels were determined by RNA microarray study comparing gene 
expression levels from two adjacent tissue types from the same donor. Experiments were performed in triplicate (on 
three different healthy old human donor eyes)[24]. bm RPE: basement membrane of the RPE, bm choroid: basement 
membrane of the choroid. The abbreviation for basement membrane is not used in the accompanying text.
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Chapter 4, Figure 2. Schematic drawing showing the normal structure and functions of Bruch’s membrane. 
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Transmission Electron Microscopic image of BM courtesy of Prof. J. Marshall. BM allows for the transport of bio-
molecules across the membrane (double arrows), it attaches RPE cells to the membrane (filled circles) and it acts as 
a physical barrier to prevent the migration of RPE cells and choroidal cells across the membrane (arrow with X). 
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Chapter 4, Figure 5. Overlap in protein content of Alzheimer plaques, AMD drusen, and atherosclerotic plaques.
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7 (6%) shared proteins:
Amyloid (beta, P), APOE, C3, 

CLU, FGG, VTN

Alzheimer plaque AMD drusen Atherosclerotic plaque

24 (20%) shared proteins:
Alpha B-Crystallin, Amyloid (beta, 
P), APOE, ATP5A1, complement 
(C3, C7), CLU, FGG, HP, IGHG1, 
IGKC, OGN, PRDX1, Serpin (A1, 
A3) TIMP3, Tubulin (A1A, A1C, 

A3C, B2C, B3), UBB, VTN

10 (8%) shared proteins:
Amyloid (beta, P), APCS, 

Apolipoprotein (A1, E), comple-
ment C3, CLU, FGG, PLG, VTN

We analyzed 121 proteins based on the article by Crabb et al[6] and additional literature searches. We obtained NM 
numbers for 85 of the proteins characterized by Crabb, an additional 36 proteins were added based on the recent 
literature[167]. Note that drusen share 20 % of their protein content with AD plaques and less than 10 % with ath-
erosclerotic plaques.  Alzheimer plaque picture courtesy of Dr. I. Huitinga, Netherlands Brain Bank, donor number 
nhb:2006-060,VU:S06/189. Atheroslcerotic plaque picture courtesy of Dr. P Sampaio Gutierrez.
a. Amyloid deposits, b. Cell nucleus, c. Enthorinal cortex, d. Retinal Pigment Epithelium, e. Bruch’s Membrane, f. 
Druse, g. Choroid, h. Choroidal bloodvessel, i. Intima with atheroslerotic plaque, j. Tunica media, k. Fibrous cap, 
l. Lipid + necrotic core.
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Chapter 4, Figure 6. Schematic drawing of proteins in drusen and the corresponding genes expressed in adjacent 
cell layers.
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We could annotate 113 genes with genbank codes (using Ingenuity) which correspond to drusen proteins identified 
by Crabb et al.[6]. Thirty six of these genes had higher expression levels in choroid compared to RPE (chor>RPE), 
thirteen genes had higher expression levels in RPE than in choroid (RPE>chor) and only three genes had higher 
expression levels in photoreceptors than RPE (phot>RPE). Gene expression levels were determined by RNA mi-
croarray study comparing gene expression levels from two adjacent tissue types from the same donor. Experiments 
were performed in triplicate (on three different healthy older human donor eyes)[24]. Details of the 113 genes can 
be found in Table A.
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Chapter 5, Figure 1 Known BM proteins and their expression in the photoreceptors, the RPE and the choroid.
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Chapter 5, Figure 2 Candidate proteins not identified in BM, but in terms of function or structure closely related to 
BM proteins, and their expression in the photoreceptors, the RPE and the choroid.
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Chapter 5, Figure 3
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Chapter 7, Figure 4. Two pedigrees with the Thr6Pro mutation.
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a) Presentation of the first pedigree. All three individuals (III:1, II:2, and II:3) carried the Thr6Pro mutation. At 
age 27, the proband (arrow; III:1) had bilateral visual complaints (visual acuity (VA) right eye (OD) 0.2, left eye 
(OS) 0.6; fundoscopically OD macular scar (stage 6), OS subtle changes (stage 1)) with an Arden ratio of 1.5 in 
both eyes. Her 55 year old mother (II:2) had no visual complaints (VA 1.0 both eyes (OU); no macular changes; 
Arden ratio 2.0). The maternal uncle (II:3) was diagnosed at age 51 and progressed to a severe bilateral phenotype 
(VA<0.01, stage 5) in 6 years. Fundoscopic pictures of individual III:1 at age 27 years, and of individual II:2 at age 
55 years. b) Presentation of the second pedigree. Both individuals (II:1 and I:2) carried the Thr6Pro mutation. At 
age 31, the proband (arrow, II:1) had VA 0.8 and vitelliform macular dystrophy (VMD) stage 2 in the left eye; his 
right eye had VA 1.0 and no macular changes, Arden ratio’s OU were 1.0. See lower two black-and-white fundus 
photographs. At age 47 years (upper two fundus photographs), his left eye had progressed to VA 0.13 and VMD 
stage 6, while his right eye remained completely normal. The patients’ mother had no clinical signs of VMD apart 
from an Arden ratio of 1.5 at the age of 57 years (see fundus photographs). Squares indicate males, circles indicate 
females, filled symbols indicate affected individuals.
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Chapter 8, Figure 1. Analytical workflow.
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All hybridization results were imported into and analyzed in the JSI software. For each amplicon the program 
reports call rates and the number of changes identified. Both forward and reverse strands are visualized and statis-
tics are given for the signal (A, C, T, or G) for each base position compared to the normalization set of previously 
analyzed chips


