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Introduction

Retinal pigment epithelium (RPE) is a single layer
of hexagonal/cuboidal epithelial cells which sepa-
rates the neuroretina from the underlying choroid.
These cells are arranged in a mosaic-like pattern.
Regular hexagon cell pattern is thought to be the
most stable and energetically the most favorable
cell arrangement [1-3]. Embryologically, RPE is a
neuroepithelial derivative. In the early development,
RPE differentiates from the neuroectoderm of the
optic vesicle and later becomes highly specialized
[4]. The apical membrane faces the photorecep-
tor outer segments and interphotoreceptor matrix
[5], the RPE basal lamina is in close contact with
the inner collagenous layer of the Bruch’s mem-
brane. This special polarized structure is required
for the proper development of the photoreceptors
and choroid and this allows for multiple functions
of the RPE cells such as adsorbing scattered light
to improve spatial resolution, recycling visual pig-
ments to ensure light sensitivity of photoreceptors,
and transporting nutrients and metabolites between
the choriocapillaris and the neurosensory retina [6].
The impact of RPE in the regulation of eye growth
has also been implicated by transmitting signals
between the retina and the adjacent choroid and
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sclera [7]. Tight junctions between neighboring
RPE cells constitute the outer blood-retinal barrier,
i.e. barrier between the subretinal space and the
choriocapillaris. The highly dynamic cytoskeletal
elements of the plasma membrane and cytoplasm
provide membrane motility, intracellular transport
and mechanical strength of the cells. RPE cells
show topographic differences, and they also vary
within one particular region based on their melanin
pigment granule content [3].

Improperly functioning RPE cells can have
primary or secondary contribution to several dis-
ease processes including dry and wet age-related
macular degeneration (AMD), proliferative vit-
reoretinopathy (PVR), central and peripheral reti-
nal dystrophies, mitochondrial diseases, and RPE
neoplasias. Progressive RPE dysfunction and
cell loss may lead to a secondary degeneration
of photoreceptor rods and cones due to the close
relationship between the RPE and photoreceptor
cells and due to the loss of barrier functions.

Normal Histology

Normal human RPE is a monolayer of cuboi-
dal cells in which the cytoplasm is filled with
melanin pigment granules (also known as mela-
nosomes). The thickness of this layer varies
according to the location and age, RPE cells
are about 14 pm in height in the macular region
whereas toward the periphery they become
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significantly shorter [8]. Numerous microvilli
of the apical membrane extend to the photore-
ceptor outer segments. The morphology of the
polarized RPE layer is visible by transmission
electron microscopy (TEM), in which tight
junctions, apical microvilli, basal infoldings,
shed photoreceptor outer segment disks, mela-
nin pigments, lipofuscin and melanolipofuscin
granules can be observed (Fig. 1.1). Melanins
are complex pigment structures in the skin, ret-
ina and uveal tract which are synthesized within
melanosomes. There are two types of cells in
the eye which produce melanin: (1) melano-
cytes in the uveal tract and (2) neuroepithelial
cells, such as pigment epithelial cells in the iris,
ciliary body and retina. There are substantial
differences in the phenotype of melanosomes
between the skin, uveal tract and retina. The
RPE melanosomes are more elongated or bul-
let shaped whereas skin and choroidal mela-
nosomes are more spherical [9, 10]. The basal
surface of an RPE cell faces the Bruch’s mem-
brane, a five-layer complex structure with mul-
tiple functions which lies between the retina
and choroid. The RPE basement membrane
(basal lamina) is the innermost layer of the
Bruch’s membrane with an average thickness of
0.15 pm in young individuals [11]. The struc-
ture of this basement membrane is not unique, it
consists of type IV collagens, fibronectin, lam-

Photoreceptor
outer segment

Tight
junction

/ Phagosomes

Melano-

Fig. 1.1 Normal anatomy of an RPE cell in relation to
the surrounding structures. Transmission electron micros-
copy photo of an RPE cell in a 75-year old Caucasian

inin, heparan, chondroitin and dermatan sulfate
[12]. The basal plasma membrane of the RPE
cells is separated from the basement membrane
and it contains several infoldings in order to
increase its membrane surface for needed ion
transport. Anteriorly there are less infoldings,
and they are more pronounced on the posterior
pole except adjacent to the optic nerve head
where they tend to be less marked. Desmosome
and hemidesmosome-like structures are pres-
ent in the basal plasma membrane resulting in a
tight connection between the RPE and Bruch’s
membrane [13]. In the lateral surface, zonula
occludens, zonula adherens, gap junctions, and
occasional desmosomes are present to main-
tain paracellular permeability, cellular integrity,
and cell-cell contact. Zonula occludens or tight
junctions are present in the apical half of the cell
and are responsible for maintaining the outer
blood-retinal barrier. Na,K-ATPase function has
been shown to be involved in the normal tight
junction structure and permeability in human
RPE cells [14]. Zonula adherens or adherens
junctions are associated with a rich network of
actin filaments. They have multiple functions by
supporting cellular motility but also by provid-
ing mechanical strength in response to various
intracellular signals [15]. The apical microvilli
provide increased surface area and play role in
special functions, such as phagocytosis of the

male. Melanosome (M), shed photoreceptor outer seg-
ment disc (sPR), lipofuscin granules (L), melanolipofus-
cin (ML), phagosome (P), nucleus (N) are seen (3600x)
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shed photoreceptor outer segment disks, move-
ments of melanin granules due to light expo-
sure and adhesion to the neurosensory retina.
The apical surface faces the subretinal space,
the microvilli connect and interdigitate with the
photoreceptor outer segments. Light exposure
causes the pigment granules migrate into the
microvilli in order to decrease the light amount
that reaches the rods and cones [16-20]. On the
contrary, in scotopic conditions the pigments
migrate back to the cell body to allow more light
to reach the photoreceptors [16-20].

RPE cells also contain lipofuscin granules,
which increase in amount throughout life due to
outer segment phagocytosis. The RPE cells are
known to show large degrees of heterogeneity
in melanin and lipofuscin granule content [3]. It
has been proposed that higher melanin content of
RPE cells might be protective against the forma-
tion of lipofuscin granules [21, 22]. One of the

Fig. 1.2 Normal histological appearance of the human
RPE in relation to the neurosensory retinal layers and
Bruch’s membrane (hematoxylin and eosin, 100x) (a). En
face (flat mount) light micrograph of the hexagonal RPE
cells (hematoxylin & eosin, 250x) (b). Toluidine blue

major metabolic roles of RPE cells is to degrade
phagocytosed photoreceptor outer segment disk
membranes, which are very densely packed
structures. Young and Bok observed that approxi-
mately 10% of the outer segment disks are gener-
ated each day [23], and the same fraction of outer
segment dics are phagocytosed by the RPE daily.
This is on a circadian rhythm, with rod outer seg-
ments consumed at daybreak, and cone outer seg-
ments at dusk. Thus, it takes about 10 days for an
outer segment disc to traverse from its proximal
site of biosynthesis to the distal tip of the outer
segment, where it is consumed by the RPE.
Qualitative, morphological analysis of the
RPE cells has traditionally been performed dur-
ing routine histopathologic examination in vitro
(Fig. 1.2). More recently, non-invasive imaging
modalities are capable of automatic segmenta-
tion of the human RPE layer in vivo [24-27].
Polarization-sensitive optical coherence tomog-

stain of the normal RPE layer highlighting the intracellu-
lar pigment granules (150x) (c). Transmission electron
microscopy of the RPE cells with normal cell organelles
(1900x) (d)
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raphy (OCT) reveals RPE cell bodies specifically
in optical biopsy of the retina [27]. Adaptive
optics scanning laser ophthalmoscope combined
with lipofuscin autofluorescence, dual wave-
length imaging and registration is an applicable
tool to measure and quantify RPE cell morphom-
etry in vivo [28].

Cell Morphometry
Pleomorphism, Polymegathism

The total number of RPE cells has been reported
to vary between 3.6 and 6.1 million in a healthy
human eye [29, 30]. Qualitatively, both aging
and degenerative retinal disorders are associated
with not only a decline of the relative number of
regular hexagonal RPE cells and an increase in
the variability of the shape of the RPE cell and
increased variability in the number of sides of a
cell (pleomorphism), but also with an increase in
the variability of cell area (polymegethism).
Hexagonal cells are most frequently (>50-
60%) located in the fovea, and the proportion
of six-sided RPE cells decreases from the fovea
towards the peripheral retina [28, 31]. Cell areas
are more variable in older eyes (>80 year old)
than in younger ones (<51 year old) [31]. A pre-
vious study confirmed a predominance of hexag-

onal cells only in the younger adult fovea, where
almost 60% of cells had six neighbors [31].
However, RPE cells show continuous remodel-
ing and rearrangement during lifetime, which
is thought to reflect a propensity of RPE cells
to remain tightly attached to each other so that
the outer blood retina barrier remains intact at all
costs.

An inter-RPE cell variability (mosaicism)
has been described in animal and human studies
affecting different cell properties both in mac-
roscopic and molecular level [3]. The pigment
granule content varies highly between RPE cells
and the expression level of certain proteins. This
heterogeneity is thought be due to both genetic
and epigenetic processes and contribute to the
functional diversity of the RPE layer [3].

Spatial Distribution, Topography

RPE cells extend from the edge of the optic disc to
the ora serrata. Anterior to the ora serrata the RPE
continues to the pars plana pigment epithelium
of the ciliary body. Certain fundamental differ-
ences have been shown between RPE cell den-
sity (Fig. 1.3) and morphometry in distinct
topographical locations (Fig. 1.4) and in differ-
ent age groups [32]. Cell density at the posterior
pole was about four times greater than at the far
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Fig. 1.3 RPE cell density (a) and area (b) from the
optic nerve head (ONH) to the far peripheral retina.
(With permission of the authors: Bhatia SK, Rashid
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A, Chrenek MA, Zhang Q, Bruce BB, Klein M, et al.
Analysis of RPE morphometry in human eyes. Mol Vis.
2016;22:898-916)
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periphery with inverse correlation to cell area
(Fig. 1.3) [32]. The literature shows large ranges
of RPE cell density with high variability across
age, retinal location and between individuals [3,
28, 30, 33-37]. The RPE cell density has been
shown to decrease from the fovea (4220 cells/
mm?) to the midperiphery (3002 cells/mm?)
and to the peripheral retina (1600 cells/mm?) in
normal human eyes [30]. Another investigation
described the highest density of 7500 RPE cells/
mm? at the fovea in both younger (<51 year old)
and older subjects (>80 year old) [31]. RPE cell
density decreases gradually towards the equator
(it measures approximately 5000 cells/mm? at the
edge of the macula) [31]. Also foveal RPE cells
are found to be significantly smaller in size than
the peripheral cells [2, 31, 38].

There is a physiologic variation in RPE cell
shape between different locations, i.e. cells
are flat and wider anteriorly, whereas they are
elongated and narrow posterior to the equator.
Salzmann reported the height of RPE cells to be
11-14 pm in the macular region and 8 pm in the
other parts of the fundus [8]. The cells also con-
tain more melanin pigment granules within the
macular area.

Pathology

Extensive research of the cellular and subcellu-
lar pathogenesis of retinal disorders has identi-
fied RPE dysfunction as having either a primary
role or a secondary role. RPE cells might interact
with the neurosensory retina, Bruch’s membrane,
and choriocapillary network in different dis-
eases such as age-related macular degeneration
(AMD), proliferative retinopathies, central and
peripheral retinal dystrophies, mitochondrial dis-
eases and tumors of the RPE.

Age-Related Changes
Normal human RPE cells are mitotically quies-

cent. Age-related decline of RPE density and the
corresponding morphology changes (Fig. 1.5)

have been extensively studied [30, 31, 34, 38-41].
In a previous investigation, the RPE cell density
in the fovea decreased significantly (p < 0.001)
by about 0.3% per year with increasing age [30].
Such a continuous age-related decline of RPE
cell count is commonly found in the literature but
the quantification of the magnitude of the decline
is not well understood [31, 34, 38—41]. With age,
the number of hexagonal RPE cells decreases in
the fovea and parafoveal areas [31]. Ach et al.
indicated that the density of five-sided RPE cells
increased significantly in the fovea, whereas in
the parafovea the proportion of five and seven-
sided cells tends to dominate as a result of an age-
related remodeling [31].

Lipofuscin granules are known to localize
close to the RPE cell borders when low lipofus-
cin granule density is present which is expected
for young, healthy individuals [42]. RPE cells
are responsible for the phagocytosis of diur-
nally shed photoreceptor outer segments [43].
Lipofuscin arises in the RPE from incomplete
digestion of the outer-segment fragments within
the lysosomes [44]. Lipofuscin accumulation in
RPE cells has been proved to lead to a range of
retinal disorders (Fig. 1.6).

The major fluorophores of lipofus-
cin are the bis-retinoid, N-retinylidene-N-
retinylethanolamine (A2E), closely related A2E
phosphatidyl esters, and retinyl dimers [45]. In
clinical setting, fundus autofluorescence (FAF)
is informative for monitoring RPE health and
metabolism by enabling detection of autofluores-
cence (AF) attributable to lipofuscin and mela-
nolipofuscin, long-lasting intracellular residual
bodies rich in bisretinoid derivatives of vitamin
A. The loss of fundus autofluorescence (detected
as black patches in FAF) thus represents the loss
of RPE cells that contain these highly fluorescent
molecules (Fig. 1.7). In 2005, eight phenotypic
FAF patterns have been defined to be associ-
ated with non-exudative AMD, such as normal,
minimal change, focal increase, patchy, linear,
lacelike, reticular and speckled pattern [46].
Diffuse and banded phenotypes are associated
with a higher risk for disease progression [47].
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Fig. 1.5 RPE cell Young (age <60 years) Old (age >60 years)
morphology of a
“young” individual
(37-year-old; a, ¢, and e)
and an “old” individual
(75-year-old; b, d, and
f). (With permission of
the authors: Bhatia SK,
Rashid A, Chrenek MA,
Zhang Q, Bruce BB,
Klein M, et al. Analysis
of RPE morphometry in
human eyes. Mol Vis.
2016;22:898-916.) Note
the increase in the bluish
autofluorescence in the

“old” sample in

comparing the right and

left images. This signal

is thought to reflect an
increase in

autofluorescent

lipofuscin with age .

PR-OS disks
Incomplete - ; RPE cell Secondary
+ Phagolysosomes degradation dysfunction |~ | PR death

RPE ' Y J
lysosomes Age-related macular degeneration

Mid-Periphery Macula

Far-Periphery

Fig. 1.6 Photoreceptor outer segment (PR-OS) degradation and lipofuscin formation in the RPE cells
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Fig. 1.7 Infrared reflectance (a) and spectral domain
optical coherence tomography (b) image of the fovea in
geographic RPE atrophy. Note the junction (arrow)
between the normal RPE layer and the atrophic lesion (b).
On fundus autofluorescence image (c), the hypo-
autofluorescent areas correspond to RPE atrophy and they

Degenerations

Biometry-Related Changes

RPE has been shown to play a critical role in
ocular growth regulation by controlling ion/fluid
transport and signal transduction between the ret-
ina, choroid and sclera [7]. A profound decrease
in the RPE cell density was reported in the equa-
torial to retro-equatorial region in association
with longer axial length and a lower degree of
decline at the midpoint between equator/poste-
rior pole [41]. RPE cell density at the posterior
pole was not significantly associated with axial
length in a previous study [41].

Age-Related Macular Degeneration

With aging RPE cells gradually decrease in den-
sity and enlarge in size associated with intracel-
lular lipofuscin accumulation [48]. Lipofuscin
was found to be photocytotoxic to RPE cells in
a wavelength dependent manner (390-550 nm),
it reduced significantly the RPE cell viability by
at least 41% 2 days after 390-550 nm exposure
when compared to lipofuscin-free cells [49]. Its
accumulation is associated with photooxida-
tion, RPE cell damage, and inflammation. These
alterations with age-related changes of the
Bruch’s membrane (calcification and fragmenta-
tion) may lead to age-related macular degenera-
tion [50]. However, the heterogeneous clinical
picture of RPE dysfunction could be explained
by the susceptibility of RPE cells in vivo due

are surrounded by diffuse reticular hyper-autofluorescence
in the junctional zone, which represent areas of current
RPE cell dysfunction. This is a 76-year-old female patient
with 20/25 best corrected visual acuity due to foveal spar-
ing of geographic atrophy

to the balance between the amount of lipofus-
cin granules and the antioxidant potential of the
cell [49]. Moreover, RPE cell pattern has been
shown to have a much reduced regularity in
AMD [40].

AMD starts with the formation of basal lami-
nar deposits and drusen and hypertrophy and
loss of the RPE cells (Fig. 1.8). In more advance
stages, these processes may lead to geographic
atrophy (Fig. 1.7) and choroidal neovasculariza-
tion. It has also been proposed that RPE cells
might undergo transdifferentiation [51, 52].
Drusen are deposits of amorphous extracellular
material lying between the RPE and the inner
collagenous zone of Bruch’s membrane [53].
The transformation theory [54], deposition the-
ory [55] and the vascular theory [56] have been
proposed to explain the exact origin of drusen.
Hard drusen may progress into atrophic AMD,
whereas soft drusen may precede choroidal neo-
vascularization. Softening of drusen is associated
with accumulation of membranous debris exter-
nal to the RPE basement membrane which may
arise from the photoreceptors [57]. Large drusen
are associated with diffuse thickening of Bruch’s
membrane with basal linear deposit, whereas
confluent soft drusen resemble an exudative
RPE detachment [57]. Basal laminar deposit is
a diffuse accumulation of hyalinized material
between the RPE basal plasma membrane and its
basement membrane. It is composed of widely
spaced type IV collagen and other fibrillar mate-
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Fig. 1.8 Light microscopy of hard drusen (hematoxylin
and eosin, 160x) (a), soft drusen (periodic acid-Schiff,
160x) (b), large drusen (hematoxylin and eosin, 160x) (c)
and confluent drusen (hematoxylin and eosin, 160x) (d).

rials [58]. They can be either the cause or con-
sequence of compromised RPE cell functions
[59]. Multiple studies concluded that there is a
significant risk of progression to exudative AMD
if there is a large drusen size, drusen confluence
or focal macular hyperpigmentation on initial
presentation [57]. Spraul et al. postulated that
choroidal neovascular membranes represent a
nonspecific wound-repair mechanism since their
composition (i.e. RPE cells, vascular endothelial
cells, fibrocytes, macrophages, photoreceptors,
erythrocytes, lymphocytes, myofibroblasts, col-
lagen, fibrin and basal laminar deposit) is not
characteristic of a specific disease process [59].

Retinal Dystrophies

Retinal dystrophy refers to a heterogeneous
group of inherited central and peripheral retinal
diseases associated with various mutations in the
human retina affecting the retinal pigment epi-
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(Reproduced with permission from Spraul CW,
Grossniklaus HE. Characteristics of drusen and Bruch’s
membrane in postmortem eyes with age-related macular
degeneration. Arch Ophthalmol. 1997;115:267-273)

thelium and the photoreceptor layer [60]. These
mutations may impact a number of molecular
cascades by interfering with intra- and intercel-
lular interactions in different layers of the retina.
Those processes may compromise the integrity
of the RPE plasma membranes (bestrophinopa-
thies, e.g. Best vitelliform macular dystrophy)
[61] and/or photoreceptor membranes (pat-
tern dystrophies, e.g. butterfly-shaped pattern
dystrophy) [62]. Histopathologically, pattern
dystrophies are associated with accumulation
of excessive lipofuscin in the RPE, whereas in
later stages these changes are replaced by exten-
sive atrophic depigmented areas of the RPE and
degeneration of photoreceptor cells [62-64].
In retinitis pigmentosa, the initial degenera-
tive changes occur in the rod photoreceptors
followed by secondary changes in the cones,
RPE, retinal glia and ganglion cells [65]. The
RPE cells migrate to perivascular sites in the
inner retina after extensive photoreceptor dam-
age, producing the characteristic bone-spicule
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appearance due to the black melanin granules
surrounding the branching retinal vessels [65].

Proliferative Retinopathies

Epiretinal membrane (ERM) formation can be
occurring secondary to a number of pathologi-
cal changes on the vitreoretinal interface. Snead
et al. classified ERMs into three distinct types:
(1) simple ERMs, which contain only internal
limiting membrane (ILM) and laminocytes; (2)
PVR/tissue repair membranes, which contain
ILM, laminocytes and spindle-shaped RPE cells
with extracellular stroma; (3) neovascular ERMs,
which are devoid of ILM and contain vessels and
hyaline stroma [66].

Under physiologic conditions, RPE cells are
mitotically quiescent and virtually stationary. In
various disease processes such as proliferative
vitreoretinopathy, retinitis pigmentosa, or cho-
roidal neovascularization, the RPE cells detach
from the basement membrane and exhibit migra-
tory potential [65, 67, 68]. The term PVR refers
to various conditions characterized by cell pro-
liferation and matrix deposition within the retina
(Fig. 1.9). Essentially in PVR cases, the ERM

Fig. 1.9 Light microscopy of subretinal PVR showing
fibrocellular tissue composed of RPE (pigmented cells),
collagen, fibrocytes and macrophages (hematoxylin and
eosin, 25x). This is a 10-year-old highly myopic male
with a history of prematurity and long standing retinal
detachment. During pars plana vitrectomy, a “napkin
ring” band of PVR was removed from the subretinal space
through a small retinotomy site

is usually complicated by the presence of RPE
cells [66]. Besides RPE cells, occasional macro-
phages, fibrocytes and lymphocytes can also be
present with various amount of collagen indicat-
ing a tissue repair process [66].

Mitochondrial Diseases

RPE cells are metabolically highly active and
they produce reactive oxygen species (ROS) by
a variety of pathways during aerobic metabolism
[69]. The major site of ROS production is within
mitochondria, thus mitochondrial DNA (mtDNA)
is thought to be more susceptible to damage by
ROS than nuclear DNA. mtDNA damage is a
good biomarker of oxidative stress [70]. On the
other hand, the RPE cells along with retinal gan-
glion cells are particularly susceptible to oxida-
tive damage [71]. Retinal pigmentary changes
and optic atrophy both are common ophthalmic
manifestations of mitochondrial disorders [72].
Histopathological studies showed a primary RPE
degeneration followed by secondary changes
of the photoreceptors and choriocapillaris, and
proved abnormally enlarged mitochondria in the
RPE cells [73]. The same ROS-mediated mtDNA
damage and RPE cell death mechanisms are
thought to play key roles in the pathogenesis of
AMD in susceptible eyes [70].

RPE Tumors

The retinal pigment epithelium often undergoes
reactive hyperplasia secondary to intraocular
inflammation or trauma (Fig. 1.10). Although
less common, it can produce a variety of tumors
and related lesions [74]. The main tumors of
the RPE include congenital hypertrophy of the
RPE (CHRPE), congenital simple (solitary or
grouped) hamartoma, combined hamartoma,
adenoma, and adenocarcinoma.
Histopathologically, both solitary and grouped
CHREPE lesions consist of a single layer of hyper-
trophied RPE cells (Fig. 1.11) which are densely
packed with round macromelanosomes [75]. A
hypopigmented halo is often seen around the
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Fig. 1.10 Light microscopy of RPE hyperplasia showing multiple layers of RPE cells (hematoxylin and eosin left 25x,

right 100x)
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Fig.1.11 Light microscopy of RPE hypertrophy indicat-
ing a single layer of enlarged RPE cells in volume. The
left figure shows RPE hypertrophy associated with the

lesion representing taller RPE cells with less and
smaller melanosomes. The Bruch’s membrane is
thickened, but the neurosensory retina remains
unaffected [76]. Multilayered (hyperplastic)
lesions with hypertrophic RPE cells are often
referred to as hamartomas, i.e. abnormal amount
of mature tissue in the normal anatomic loca-
tion [75]. There is a distinct autosomal dominant
disorder when the RPE hamartomas are associ-
ated with familial adenomatous polyposis. This
disease entity was recently termed as “RPE ham-
artomas associated with familial adenomatous
polyposis” by Shields and Shields to avoid the
confusion because neither simple nor grouped
hamartomas possess a higher risk of colon car-
cinoma [77]. Combined hamartoma of the retina
and RPE has been described in juxtapapillary
location when the RPE proliferation extended
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dark part of a congenital hypertrophy of the RPE (CHRPE)
lesion and the right shows depigmented RPE in the lacu-
nae in CHRPE (hematoxylin and eosin 100x)

into the optic disc [78]. Proliferation of glial ele-
ments on the retinal surface and intraretinally
was also observed [79]. The RPE cells proliferate
in the neurosensory retinal layers as sheets and
cords [76].

Adenoma of the RPE usually shows tubules
and cords of proliferating RPE cells, separated
by basement membrane and fibrous stroma his-
topathologically [80]. They usually arise from the
peripheral retina but can occasionally be observed
juxtapapillary masquerading melanocytoma of
the optic disc or peripapillary uveal melanoma
[81]. Adenocarcinoma of the RPE is composed
of cords and tubular proliferations of cells with
pleomorphic, hyperchromatic nuclei and vari-
able amounts of cytoplasm (Fig. 1.12). There
can be focal desmoplastic reaction to the tumor
and bone formation (osseous metaplasia) in some
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Fig. 1.12 Light microscopy of RPE adenocarcinoma.
The tumor is composed of tubular and chord-like prolif-
erations of cells with associated osseous metaplasia (a, b).

areas. RPE adenocarcinoma can be highly inva-
sive with extensive intraocular invasion, including
lens, choroidal, scleral and optic nerve invasion,
extension through emissary canals to the epibul-
bar surface with conjunctival and orbital invasion.
However, tumors of the RPE seem to have no
potential to metastasize [82]. Malignant transfor-
mation of a preexisting CHRPE into an adenocar-
cinoma has also been reported [83].

Pigmented RPE lesions can clinically simu-
late choroidal melanoma, thus they often referred
to as pseudomelanoma [84]. Most commonly,
CHRPE may appear similar to choroidal mela-
noma on routine clinical examination. However,
differentiating between a benign RPE hypertro-

The tumor has also invaded the optic nerve (¢, d) (hema-
toxylin and eosin 5x, 25x, 5%, 100x, respectively)

phy and malignant choroidal melanoma is cru-
cial. CHRPE is typically a sharply demarcated
dark pigmented lesion and usually flat or slightly
elevated. A pigmented or non-pigmented halo
can often be seen surrounding the lesion and
intralesional lacunae are present in 43% of cases
[85]. The diagnosis of RPE tumors is usually
made on the basis of ophthalmoscopic findings
and diagnostic imaging.
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