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a b s t r a c t

There is a mutualistic symbiotic relationship between the components of the photorecep-
tor/retinal pigment epithelium (RPE)/Bruch’s membrane (BrMb)/choriocapillaris (CC) com-
plex that is lost in AMD. Which component in the photoreceptor/RPE/BrMb/CC complex is
affected first appears to depend on the type of AMD. In atrophic AMD (�85–90% of cases),
it appears that large confluent drusen formation and hyperpigmentation (presumably dys-
function in RPE) are the initial insult and the resorption of these drusen and loss of RPE (hyp-
opigmentation) can be predictive for progression of geographic atrophy (GA). The death and
dysfunction of photoreceptors and CC appear to be secondary events to loss in RPE.

In neovascular AMD (�10–15% of cases), the loss of choroidal vasculature may be the ini-
tial insult to the complex. Loss of CC with an intact RPE monolayer in wet AMD has been
observed. This may be due to reduction in blood supply because of large vessel stenosis. Fur-
thermore, the environment of the CC, basement membrane and intercapillary septa, is a
proinflammatory milieu with accumulation of complement components as well as proin-
flammatory molecules like CRP during AMD. In this toxic milieu, CC die or become dysfunc-
tion making adjacent RPE hypoxic. These hypoxic cells then produce angiogenic substances
like VEGF that stimulate growth of new vessels from CC, resulting in choroidal neovascular-
ization (CNV). The loss of CC might also be a stimulus for drusen formation since the dis-
posal system for retinal debris and exocytosed material from RPE would be limited.
Ultimately, the photoreceptors die of lack of nutrients, leakage of serum components from
the neovascularization, and scar formation.

Therefore, the mutualistic symbiotic relationship within the photoreceptor/RPE/BrMb/CC
complex is lost in both forms of AMD. Loss of this functionally integrated relationship
results in death and dysfunction of all of the components in the complex.

� 2012 Elsevier Ltd. All rights reserved.
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1. Basic normal anatomy of the photoreceptor/retinal pigment epithelium (RPE)/Bruch’s membrane (BrMb)/
choriocapillaris (CC) complex

The components of the photoreceptor/retinal pigment epithelium (RPE)/Bruch’s membrane (BrMb)/choriocapillaris (CC)
complex have a mutualistic symbiotic relationship (Fig. 1). Each is dependent on the other components in the complex and
each contributes to the well being of the others. We will first discuss each component in the complex in healthy human eyes
and then discuss how each is changed in age-related macular degeneration. Finally, we will consider the breakdown of the
mutualistic symbiotic relationship in AMD.

1.1. Photoreceptors

The photoreceptors are a specialized type of neuron in the posterior retina that are capable of phototransduction. Photo-
receptors convert light into signals that can stimulate neuronal impulse transmission by triggering a change in the cell mem-
brane potential after absorbing a photon. The two classes of photoreceptor cells are rods and cones and the signal they
generate are converted to vision. The rods are narrower than the cones and distributed differently across the retina, but
the chemical process in each that supports phototransduction is similar. However, rods are extremely sensitive and can
be triggered by a very small number of photons. At very low light levels, visual experience is calculated solely from the
rod signal. Cones require significantly brighter light in order to produce a signal. In humans, there are three different types
of cone cells (red, green blue), distinguished by their pattern of response to different wavelengths of light. The human ana-
tomical macula is only 6 mm in diameter and it contains a small cone dominated fovea (0.8 mm) (Fig. 1) surrounded by a
rod-dominated parafovea (Curcio et al., 1996, 1990; Curcio, 2001). It is estimated by Curcio that only two rods/mm2 of retina
die per year. Barron and associates found mitochondrial DNA deletions and cytochrome c oxidase-deficient cones accumu-
late in the aging retina, particularly in the foveal region. These defects may contribute to the changes in macular function
observed in aging and age-related maculopathy (Barron et al., 2001).

The photoreceptor inner segments are rich in mitochondria, which are needed to provide energy for these highly meta-
bolically active cells. The photoreceptors consume more oxygen per gram of tissue weight than any cell in body and have a
tissue oxygen level close to zero in the dark (Wangsa-Wirawan and Linsenmeier, 2003).

1.2. Retinal pigment epithelium (RPE)

Just posterior to the photoreceptors, the RPE are polarized epithelial cells found at the base of the retina. The RPE consists
of a single layer of hexagonal cells that are densely packed with pigment granules (melanosomes). The RPE are firmly at-
tached to their underlying basement membrane, which is the inner or anterior layer of Bruch’s membrane. At the ora serrata,
the RPE continues as a membrane passing over the ciliary body and continuing as the posterior surface of the iris. At its apical
surface of the RPE faces the photoreceptor outer segments making a complex of close structural interactions. With its baso-
lateral surface, the RPE faces Bruch’s membrane (BrMb), which separates the RPE from fenestrated endothelium of the cho-
riocapillaris (CC). When viewed in cross section, each RPE cell consists of a basal outer non-pigmented part containing a large
oval nucleus and an anterior-pigmented portion, which extends as a series of finger-like processes between the photorecep-
tor outer segments.
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