
A novel melano-lysosome in the retinal epithelium of rhesus monkeys

Peter Gouras a,*, Kristy Brown b, Lena Ivert c, Martha Neuringer d

aDepartment of Ophthalmology Columbia University, 630 W 168th Street, New York, NY 10032, USA
bDepartment of Pathology, Columbia University, New York, NY 10032, USA
c St. Erik Eye Hospital, Stockholm, Sweden
dDivision of Neuroscience, Oregon National Primate Research Center, Oregon Health and Science University, Beaverton, OR 97006, USA

a r t i c l e i n f o

Article history:
Received 19 August 2011
Accepted in revised form 18 October 2011
Available online 2 November 2011

Keywords:
retinal pigment epithelium
melanosomes
lysosomes
phagosomes
rhesus monkeys
age related macular degeneration

a b s t r a c t

The large phagocytic load that confronts the retinal pigment epithelium (RPE) is thought to play
a possible role in the pathogenesis of age related macular degeneration (AMD) that afflicts both humans
and monkeys. Our knowledge of how RPE degrades phagosomes and other intra-cellular material by
lysosomal action is still rudimentary. In this paper we examine organelles that play a role in this process,
melanosome, lysosomes and phagosomes, in the RPE of young and old rhesus monkeys in order to better
understand lysosomal autophagy and heterophagy in the RPE and its possible role in AMD.

We used electron microscopy to detect and describe the characteristics of melanosomes and lysosome-
like organelles in the macular RPE of rhesus monkeys (Macaca mulatta) that were 1, 6, 24, 24, 26 and 35
years of age. The measurements include the number, shape and size of these organelles located in the
basal, middle and apical regions of RPE cells. Phaagosomes were also examined but not counted or
measured for size or shape because of their rarity.

Melanosomes were homogeneously dark with a circular or elliptical shape and decreased in number
with age. Smaller melanosomes were more common at the basal side of the RPE. Among the small
melanosomes, we found an organelle that was losing melanin in varying degrees; in some cases was
nearly devoid of melanin. Because of the melanin loss, we considered this organelle to be a unique type
of autophagic melano-lysosome, which we called a Type 1 lysosome. We found another organelle, more
canonically lysosomal, which we called a Type 2 lysosome. This organelle was composed of a light matrix
containing melanosomes in various stages of degradation. Type 2 lysosomes without melanosomes were
rare. Type 2 lysosomes increased while Type 1 decreased in number with age. Phagosomes were rare in
both young and old monkeys. They made close contact with Type 2 lysosomes which we considered
responsible for their degradation.

Melanosomes are being lost frommonkey RPE with age. Much of this loss is carried out by two types of
lysosomes. One, not defined as unique before, appears to be autophagic in digesting its own melanin; it
has been called a Type 1 lysosome. The other, a more canonical lysosome, is both heterophagic in
digesting phagosomes and autophagic in digesting local melanosomes; it has been called a Type 2
lysosome. Type 1 lysosomes decrease while type 2 lysosomes increase with age. The loss of melanin is
considered to be detrimental to the RPE since it reduces melanin’s protective action against light toxicity
and oxidative stress. Phagosomes appear to be degraded by membrane contacts with Type 2 lysosomes.
The loss of melanin and the buildup of Type 2 lysosomes occur at an earlier age in monkeys than humans
implying that a greater vulnerability to senescence accelerates the rate of AMD in monkeys.

� 2011 Elsevier Ltd. All rights reserved.

1. Introduction

A possible factor in the pathogenesis of age related macular
degeneration is the large age-related buildup of lipofuscin

containingmelano- lysosomes in the RPE. The processes underlying
this accumulation are not understood. One explanation posits that
this post-mitotic epithelium faces such a large phagosomal load
from the shedding of tips of photoreceptor outer segments that it
fails to dissolve them completely, thus allowing waste material to
accumulate with time. The failure to dissolve this waste material
may also be due to toxic substances in the phagocytized outer
segments that impede lysosomal function (Schutt et al., 2000,
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Fig. 1. Shows melanosomes in monkey RPE. The calibration, lower right, indicates 0.5 microns.

Fig. 2. Compares the length of the long axis (abscissa) and the number (ordinate) of melanosomes in the basal, middle and apical parts of the RPE cell of the 1, 6, 24 and 35 year old
monkeys.
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