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Purpose: To examine intraretinally migrated retinal pigment epithelium cells (iRPECs) in enucleated human
eyes with various retinal conditions and corresponding intraretinal hyperreflective bodies (iHRBs) in a large cohort
of patients with age-related macular degeneration (AMD) in China.

Design: Population-based study and histomorphometric investigation.
Participants: Participants of the population-based Beijing Eye Study and enucleated human eyes.
Methods: OCT-based and fundus photography-based examination of the macula of the Beijing Eye Study

participants and light-microscopical histomorphometry of enucleated human eyes.
Main Outcome Measures: Presence and location of iRPECs and iHRBs.
Results: In the Beijing Eye Study (6551 eyes; 3301 participants), the prevalence of intermediate AMD and late

AMD was 331 (5.1%) and 44 (0.6%), respectively. All 42 eyes with intermediate AMD and macular hyperpig-
mentation had iHRBs at locations corresponding spatially with macular hyperpigmentation on the fundus pho-
tographs. Among all eyes with intermediate AMD (n ¼ 331), iHRBs were detected in 262 (79.2%) eyes. The most
internal location of the iHRBs was at the ellipsoid zone in 46 (13.9%) eyes, at the external limiting membrane
(ELM) in 45 (13.6%) eyes, and in the outer nuclear layer in 145 (43.8%) eyes. Out of the 262 eyes with iHRBs, 186
(71.0%) eyes showed a corresponding defect in the ellipsoid zone, and 128 (48.9%) eyes showed a defect in the
ELM. The eyes with an iHRB located beneath the ELM did not show an ELM defect. The iHRBs were associated
with a plume-like appearance and with a smoke-like appearance in 20 (7.6%) eyes and 137 (52.3%) eyes,
respectively. All iHRBs did not have a shadow on the OCT images. Similar findings were obtained in the eyes with
late AMD. Among 237 eyes examined histologically, 21 globes showed iRPECs: 8 eyes in parapapillary a zone/b
zone; 5 eyes with myopic patchy atrophies, and 3 eyes with AMD. The iRPECs were spatially associated with an
ELM defect and were not surrounded by a basal membrane.

Conclusions: Intraretinal hyperreflective bodies can be found in 3 out of 4 eyes with intermediate AMD,
correlate histologically with intraretinally located (migrated) retinal pigment epithelium cells, and correspond
spatially with localized defects of the ellipsoid zone and ELM.
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sures at the end of this article. Ophthalmology Science 2025;5:100626 ª 2024 by the American Academy of
Ophthalmology. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).
Changes in the retinal pigment epithelium (RPE) belong to
the hallmarks of age-related macular degeneration
(AMD).1,2 These RPE alterations include an RPE cell loss in
association with the development of geographic atrophy in
the late stage of AMD and RPE cell proliferation in the
subretinal space between the retina and Bruch’s membrane
in the case of the neovascular or exudative form of
AMD.1e6 The RPE cell proliferation is characterized by
the formation of a subretinal scar in the macular region, with
the proliferated RPE cells having contact with, or producing
a periodic acid-Schiff (PAS) staining-positive basal mem-
brane. The finding that the proliferating RPE cells produce
their basal membrane within the subretinal scar led to the
notion that the RPE cell transformation may best be
described as a fibrous pseudo-metaplasia, with the RPE cells
still keeping some of their basic epidermal characteristics
(i.e., the production of their basal membrane).7 Performing a
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combined histologic and clinical study, Cao et al8 recently
reported about the migration/proliferation of single, or few
clustered, macular RPE cells into the retina in eyes
without choroidal neovascularization. Their research
revealed that a plume-like morphology of the intraretinally
migrated/proliferated RPE cells increased and eventually
regressed during the follow-up, with a complete resolution
in about 40% of the eyes. The observation made by Cao
et al8 agrees with findings obtained in other investigations in
which activated RPE cells and RPE cells in association with
AMD-related subretinal fibrosis have been described.9e15 In
a hospital-based retrospective study, Ho et al10 detected in
27 out of 44 (61%) patients with early to intermediate dry
AMD intraretinal RPE migration in OCT images,
corresponding to RPE pigment clumping on the fundus
photographs. The intraretinal RPE cells were detected
most often in the outer nuclear layer and less frequently in
1https://doi.org/10.1016/j.xops.2024.100626
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more anterior retinal layers. The intraretinal RPE migration
was observed predominantly above areas of drusen.
Applying polarization-sensitive scanning laser ophthalmos-
copy, Miura et al14 detected an intraretinal migration of RPE
cells in 52 out of 155 (33.5%) eyes with AMD, in particular
in those with drusenoid and serous pigment epithelial
detachment.

Based on the findings of the preceding investigations, we
undertook the present study to examine the occurrence and
spatial correlations of intraretinal hyperreflective bodies
(iHRBs) and macular hyperpigmentation as a potential
surrogate of intraretinally located RPE cells (iRPECs) on
OCT images and fundus photographs obtained in a
population-based study. An additional goal of our study was
to search for iRPECs in human eyes enucleated for various
clinical reasons including AMD and correlate these histo-
logic findings with the observations made clinically.
Increasing the available information about iHRBs and
iRPECs may expand the knowledge about the pathogenesis
of AMD in general and the role of iRPECs in particular. It
may especially be of interest because macular hyperpig-
mentation in eyes with intermediate AMD have been
recognized as a major risk factor for the progression of the
disease.2

Methods

The population-based Beijing Eye Study 2011 was conducted in
Beijing in 5 communities in the urban area of the Haidian district
and in 3 communities in the village area of Daxing District in the
year 2011.16 The Medical Ethics Committee of the Beijing
Tongren Hospital approved the study protocol and confirmed its
accordance with the Declaration of Helsinki. All study
participants gave their written informed consent. Eligibility
criteria for inclusion in the investigation were an age of 50þ
years and living in the study regions. Out of 4403 eligible
people, 3468 (78.8%) individuals (1963 [56.6%] women)
participated in the investigation. The study has been described in
detail previously.16

The study participants underwent a series of ophthalmological
examinations including refractometry and determination of best-
correcting refractive error, pneumotonometry, slit-lamp-based ex-
amination of the anterior ocular segment, biometry of the right eyes
(Lenstar 900 Optical Biometer, Haag-Streit), and photography of
the cornea and lens (slit-lamp digital photography, camera type
BG-4, Topcon Medical Systems, Inc.), and of the macula and optic
disc (fundus camera type CR6-45NM, Canon Inc). We additionally
performed spectral-domain OCT (Spectralis, wavelength: 870 nm;
Heidelberg Engineering Co) of the macula and optic nerve head.
The OCT-based macular imaging included a macular volume scan
(25� � 30� field, 31 B-scan lines) and a macular star (6 B-scan
lines) centered on the fovea. Each scan line of the macular volume
scan and of the macular star was based on 100 averaged scans.

The iHRBs were defined as distinct, bright, single structures
with a diameter of smaller than approximately 25 mm and located
in the retina between the RPE line and the inner limiting membrane
on any of the macular scan lines (Figs 1e3). In the case of an
agglomeration of single iHRBs, the size of the total hyperreflective
spot could be markedly larger than 25 mm. The iHRBs had to
extend beyond the RPE line. Regions with subretinal or intraretinal
exudation were excluded. In addition, we excluded eyes with
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retinal disease associated with intraretinal or subretinal exudation
(e.g., retinal vein occlusion). Hyperreflective appearances located
in the inner plexiform layer were interpreted as cross sections of
retinal blood vessels if they could be spatially correlated with blood
vessels detected on the fundus photographs or on the OCT images.
For that purpose, we did not use image alignment software; the
alignment was based on the grader’s interpretation of the vessel
pattern. We noted the location of the iHRBs in the various retinal
layers and assessed whether they were accompanied by a shadow
in the sagittal posterior direction. We compared the location of the
iHRBs on the OCT images with the location of macular hyper-
pigmentation on the fundus photographs. In addition, we assessed
whether the iHRBs were spatially associated with discontinuities in
the ellipsoid zone and in the external limiting membrane (ELM),
and whether the iHRBs showed “smoke”-like or “comet-like,”
whitish appearances in their vicinity (Fig 2). These appearances
had unsharp borders and covered a region with a diameter
ranging between 10 mm and 100 mm (Figs 1e3).

Using the fundus photographs and OCT images and applying
the criteria published by the Beckman Initiative for Macular
Research Classification Committee, we defined AMD and differ-
entiated it into an early stage (RPE drusen with a diameter of �63
and <125 mm, without pigmentary abnormalities), intermediate
AMD (RPE drusen with a diameter of >125 mm or pigmentary
abnormalities associated with drusen with a diameter of �63 mm),
and late AMD, with a neovascular subgroup and a subgroup with
geographic atrophy.17 We considered fundus lesions located within
2 average optic disc diameters from the fovea. Specially trained
ophthalmologists carried out the basic grading of the fundus
images. The fundus photographs and the OCT images of all eyes
with pigmentary changes (i.e., eyes with AMD stage 2 with
hyperpigmentation and eyes with AMD stage 3 and
hyperpigmentation) were reassessed by 3 investigators (S.P.-J.,
J.B.J., Y.X.W.) who adjudicated in the case of diverging
opinions. For this assessment, both the fundus photographs and
the OCT images were simultaneously available and were
examined in a parallel manner.

In the histologic part of the project, we examined human eyes
that had been removed because of diseases like malignant
choroidal melanomas and painful secondary angle-closure glau-
coma. The Medical Ethics Committee II of the Medical Faculty
Mannheim of the Heidelberg University approved the study,
confirmed that the study conformed to the regulations formulated
in the World Medical Association Declaration of Helsinki, and
waived the necessity of informed written consent by the patients
because the globes had been enucleated up to 60 years before the
start of the present investigations. As also described in detail pre-
viously, the eyes had been fixed in a solution consisting of 4%
formaldehyde and 1% glutaraldehyde immediately after enucle-
ation, and they had been kept in that solution for 1 week at room
temperature.18 After the diameters of the eyes in the horizontal,
vertical, and sagittal directions had been determined, a central
part with a thickness of approximately 8 mm and running
through the center of the cornea and pupil and through the optic
nerve head had been excised from the eyes. After dehydration in
alcohol and imbedding in paraffin, slides with a thickness of
about 5 to 8 mm had been stained by hematoxylineeosin or by
using the PAS method. Although the presence of iRPECs had
already been shown in previous studies, our histologic examination
was focused on the location of the iRPECs and their spatial as-
sociation with defects in the ELM and the presence of a PAS-
positive basal membrane.8e15 Other aspects of interest, including
migration of iRPECs to specific layers, immunohistochemical
analysis, and microglial assessment were not addressed. Using a



Figure 1. Clinical photograph and optical coherent tomographic images of an eye with an intermediate stage of age-related macular degeneration and
macular hyperpigmentation, with the hyperpigmentation on the fundus photograph (yellow arrow) corresponding to a plume-like intraretinal hyperreflective
body in the outer nuclear layer (yellow arrow), apparently emerging out of the retinal pigment epithelium line, with a corresponding localized defect in the
inner segment/outer segment line and defect in the outer external limiting membrane.
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light microscope, we searched the slides of all eyes for the presence
of iRPECs, independent of the underlying clinical disease as the
cause for enucleation and independently of the direction of the
histologic slide. Retinal pigment epithelium cells at the retinal
undersurface in eyes with an artificially detached retina or those
with a serous retinal detachment because of a malignant choroidal
melanoma were not considered iRPECs. The regions with the uveal
melanomas were excluded from the examinations. In the para-
papillary region, we differentiated between a zone (characterized
by the presence of Bruch’s membrane and the presence of an
irregularly structured RPE), b zone (defined by the presence of
Bruch’s membrane and absence of RPE), and g zone (characterized
by the absence of Bruch’s membrane).19

The statistical analysis was performed using a commercially
available statistical software package (SPSS for Windows, version
27.0, IBM-SPSS). We calculated and expressed the prevalence of
the main outcome parameters (i.e., the presence of iHRBs and their
spatial correlation with macular hyperpigmentation on the fundus
photographs) as the mean and its 95% confidence interval. A 2-
sided P value < 0.05 was considered to indicate statistical
significance.
Results

Out of 6936 eyes of 3468 individuals examined in the
Beijing Eye Study 2011, fundus photographs of sufficient
quality to be assessed for the presence of AMD were
available for 6891 (99.4%) eyes. Out of these 6891 eyes,
6551 (95.1%) eyes (3301 participants) had serial OCT im-
ages of the macula. The mean age of the individuals was
64.3 � 9.6 years (median: 63.0 years; range: 50e93 years),
and the mean axial length was 23.3 � 1.1 mm (median: 23.1
mm; range: 18.96e30 mm). The group included in the
present study as compared with the group of Beijing Eye
Study participants not included in the present study were
significantly younger (64.3 � 9.6 years versus 70.6 � 10.8
years; P < 0.001), although both groups did not differ
significantly in axial length (23.3 � 1.1 versus 23.3 � 1.3
mm; P ¼ 0.50) and sex (P ¼ 0.25).

Prevalence of early AMD, intermediate AMD, late
AMD, and any AMD was 1079 (16.5%), 331 (5.1%), 44
(0.6%), and 1454 (22.2%), respectively. Among the eyes
with late AMD (n ¼ 44), 32 (73%) eyes showed choroidal
neovascularization, and 13 (30%) eyes had geographic
atrophy.

Among the eyes with intermediate AMD, 42 (42 of 331
or 12.7%) eyes showed macular intraretinal hyperpigmen-
tation. The mean age in this group of eyes with intermediate
AMD and macular hyperpigmentation was 65.0 � 9.2 years,
and the mean axial length was 22.8 � 1.3 mm. Among the
44 eyes with late AMD (age: 73.2 � 10.2 years; mean axial
length was 23.5 � 0.8 mm), 22 (22 of 44 or 50%) eyes
showed hyperpigmentation. The mean age in the group of
22 eyes with late AMD and macular hyperpigmentation was
75.2 � 9.4 years, and the mean axial length was 23.4 � 0.9
mm. Out of the 22 eyes, 19 (82%) showed also macular
hypopigmentation.

All 42 eyes with macular hyperpigmentation of inter-
mediate AMD had iHRBs in their OCT images at locations
3



Figure 2. Clinical photograph and optical coherent tomographic images of an eye with an intermediate stage of age-related macular degeneration and
macular hyperpigmentation, with the hyperpigmentation on the fundus photograph (yellow arrow) corresponding to a plume-like or smoke-like intraretinal
hyperreflective body in the outer nuclear layer (yellow arrow), apparently emerging out of a focal elevation of the retinal pigment epithelium line, with a
corresponding localized defect in the inner segment/outer segment line and defect in the outer external limiting membrane.
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corresponding spatially with macular hyperpigmentation on
the fundus photographs (Figs 1, 2). The most internal
location of the iHRBs was at the ellipsoid zone in 4
(9.5%) eyes, between the ellipsoid zone and the ELM in 2
(4.8%) eyes, at the ELM in 5 (11.9%) eyes, in the outer
nuclear layer in 21 (50%) eyes, in the outer plexiform
layer in 6 eyes (14.3%), and in the inner nuclear layer in
4 (9.5) eyes (Table 1). In 37 (88%) out of the 42 eyes, the
iHRBs were spatially correlated with a localized
thickening or elevation of the RPE line, 36 (86%) eyes
showed a defect in the ellipsoid zone, and 28 (67%) eyes
showed a defect in the ELM, with all defects spatially
correlated with the iHRBs. The eyes with an iHRB
located beneath the ELM did not show an ELM defect. In
10 (24%) of the eyes, the iHRBs were associated with a
plume-like or comet-like appearance, and in 23 (55%)
eyes, the iHRBs were associated with a smoke-like graying
of the area. In all eyes with a plume-like or comet-like
appearance, the direction of the comet was almost perpen-
dicularly away from the RPE layer (Figs 1, 2). A regional
thinning of the outer nuclear layer in spatial association
with the iHRBs was detected in 15 (36%) eyes. All
iHRBs did not have a shadow on the OCT images, in
contrast to hyperreflective images of the large and
medium-sized retinal vessels located in the inner retinal
layers, most of which showed a shadow in the direction of
the deep retinal layers.
4

Among all eyes with intermediate AMD (n ¼ 331),
iHRBs were detected in 262 (79.2%). The most internal
location of the iHRBs was at the ellipsoid zone in 46 eyes
(or 13.9% of all 331 eyes with intermediate AMD), between
the ellipsoid zone and the ELM in 3 (0.9%) eyes, at the
ELM in 45 (13.6%) eyes, in the outer nuclear layer in 145
(43.8%) eyes, in the outer plexiform layer in 15 eyes (4.5%),
in the inner nuclear layer in 7 (2.1%) eyes, and in the retinal
ganglion cell layer or retinal nerve fiber layer in 2 (0.6%)
eyes. In 165 (63%) out of the 262 eyes with iHRBs, the
iHRBs were spatially correlated with a localized thickening
or elevation of the RPE line, 186 (71.0%) eyes showed a
defect in the ellipsoid zone, and 128 (48.9%) eyes showed a
defect in the ELM, with all defects spatially correlated with
the iHRBs. The eyes with an iHRB located beneath the
ELM did not show an ELM defect. The iHRBs were asso-
ciated with a plume-like or comet-like appearance in 20
(7.6%) eyes, and with a smoke-like graying of the area in
137 (52.3%) eyes. In all eyes with a plume-like or comet-
like appearance, the direction of the comet was almost
perpendicularly away from the RPE layer. A regional thin-
ning of the outer nuclear layer in spatial association with the
iHRBs was detected in 70 (26.7%) eyes. All iHRBs did not
have a shadow on the OCT images.

In 20 (91%) out of the 22 eyes with late AMD and
macular hyperpigmentation, iHRBs were detected in the
OCT images at locations corresponding spatially with



Figure 3. Clinical photograph and optical coherent tomographic images of an eye with late stage of age-related macular degeneration and macular hy-
perpigmentation, with the hyperpigmentation on the fundus photograph (yellow arrows) corresponding to intraretinal hyperreflective bodies in the outer
nuclear layer and outer plexiform layer (yellow arrows), apparently emerging out of focal retinal pigment epithelium elevations, with corresponding localized
defects in the inner segment/outer segment line and defects in the outer external limiting membrane.

Table 1. Optical Coherent Tomographic Findings in the Participants of the Beijing Eye Study with Intermediate or Late AMD and
Macular Hyperpigmentation

Intermediate AMD
(n [ 331)

Hyperpigmentation in
Intermediate AMD (n [ 42

out of 331 [12.7%])
Late AMD
(n [ 44)

Hyperpigmentation in
Late AMD,

22 out of 44 (50.0%)

n % n % n % n %

iHRBs presence e 262 79.2% 42 100% 29 66% 20 91%
iHRBs location At the ellipsoid zone 46 13.9% 4 9.5% e e 1 5%

Between the ellipsoid zone
and external limiting
membrane

3 0.9% 2 4.8% 1 2.3% e e

External limiting membrane 45 13.6% 5 11.9% 4 9.1% e e
Outer nuclear layer 145 43.8% 21 50% 15 34% 11 50%
Outer plexiform layer 15 4.5% 6 14.3% 5 11% 5 23%
Inner nuclear layer 7 2.1% 4 9.5% 3 7% 3 14%
Retinal ganglion cell layer or

retinal nerve fiber layer
2 0.6% e e e e e e

iHRBs appearance Plume-like or comet-like 20 7.6% 10 24% 17 40% 13 59%
Smoke-like 137 52.3% 23 55% 10 23% 7 32%

Spatial associations Corresponding RPE
thickening or elevation

165 63.0% 37 88% e e 18 82%

Corresponding defect in the
ellipsoid zone

186 71.0% 36 86% 29 66% 20 91%

Corresponding to a defect in
the external limiting
membrane

128 48.9% 28 67% 29 66% 20 91%

AMD ¼ age-related macular degeneration; iHRBs ¼ intraretinal hyperreflective bodies; RPE ¼ retinal pigment epithelium.
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hyperpigmented spots in the macular region on the fundus
photographs (Fig 3). The most internal location of iHRBs
was at the ellipsoid zone in one eye (or 5% of all 22 eyes
with late AMD and macular hyperpigmentation), in the
outer nuclear layer in 11 (50%) eyes, in the outer
plexiform layer in 5 eyes (23%), and in the inner nuclear
layer in 3 (14%) eyes (Table 1). In 18 (82%) out of the
22 eyes, the iHRBs were spatially correlated with a
localized thickening or elevation of the RPE line, and 20
(91%) eyes showed a defect in the ellipsoid zone and in
the ELM, with all defects spatially correlated with the
iHRBs. In 13 (59%) of the eyes, the iHRBs were
associated with a plume-like or comet-like appearance,
and, in 7 (32%) eyes, the iHRBs were associated with a
smoke-like graying of the area. As in the eyes with inter-
mediate AMD and macular hyperpigmentation, the direction
of the comet was almost perpendicularly away from the RPE
layer. A regional thinning of the outer nuclear layer in
spatial association with the iHRBs was detected in 9 (41%)
eyes. All iHRBs did not have a shadow on the OCT images.

The histologic study included 237 eyes of 237 patients
with an age of 61.4 � 13.9 years and a mean axial length of
25.4 � 3.0 mm. The study population consisted of 131 eyes
with malignant uveal melanoma, 83 globes with end-stage
secondary angle-closure glaucoma, 6 eyes with congenital
glaucoma, and 18 eyes with other reasons for enucleation
such as trauma. Intraretinally migrated RPE cells were
detected in 21 globes: in 8 eyes in the region of para-
papillary a zone/b zone; in 5 eyes in association with a
Bruch’s membrane defect/patchy atrophy with myopic
macular degeneration; in 4 eyes with retinitis pigmentosa; in
3 eyes with AMD; and in 1 eye in the region of a pre-
sumable retinal laser coagulation spot. In all these eyes, the
iRPECs were not surrounded or in contact with a detected
PAS-positive membrane, and, in all these eyes, the iRPECs
were spatially associated with a defect in the ELM
(Figs 4, 5).
Discussion

The clinical part of the present study showed the presence of
iHRBs in all eyes with intermediate or late AMD with
macular hyperpigmentation, with the hyperpigmentation
spatially correlating with the iHRBs. The iHRBs extending
up to the inner plexiform layer were related to a localized
defect in the ellipsoid zone and in the ELM, and all of them
did not show a shadow on the OCT images. In addition, the
prevalence of iHRBs in all eyes with intermediate AMD,
independently of the presence of an ophthalmoscopically
detected macular hyperpigmentation, was 262 of 331 or
79.2%. The histologic part of the study demonstrated the
intraretinal location of RPE cells in eyes with AMD and
other diseases, and all of these iRPECs were spatially
associated with defects in the ELM. The findings suggest
that RPE cell migration into the retina is a hallmark of in-
termediate or late AMD, in particular in eyes with macular
pigmentations.

The observations made in our study confirm the results of
the landmark investigation performed by Cao et al.8 They
6

examined clinical OCT images taken longitudinally of
eyes with AMD and assessed histologically and
immunohistochemically donor eyes that had undergone an
ex vivo OCT examination. The authors found that a
plume-like appearance of iHRBs on the clinical OCT im-
ages developed and, in a substantial number of eyes,
regressed again during follow-up. Immunohistochemically,
RPE cells spatially corresponding to iHRBs on the OCT
images taken ex vivo showed a loss in their immunoreac-
tivity for retinoid markers and an increase in the immuno-
reactivity for immune markers. In addition, some RPE cells
in the RPE layer demonstrated an aberrant immunoreac-
tivity. The iRPECs with a plume-like morphology contacted
retinal capillaries in some eyes. Cao et al8 concluded that
iHRBs, as described in the study, were suggestive of a
transdifferentiation or an epithelialemesenchymal transi-
tion of the RPE cells, with the gain and loss of function
starting with individual RPE cells located in the RPE layer.
This process may lead to the migration or proliferation of
RPE cells into the retina.8 Following Cao et al,8 we
histologically detected pigmented RPE cells in the retina
in eyes with various diseases including AMD.
Interestingly, these cells were not surrounded by a light-
microscopically detected PAS-positive membrane, either
because these cells did not have sufficient time to develop a
detectable PAS-positive membrane or because they were in
the process of undergoing metaplasia. This finding is in
contrast to subretinal RPE cell proliferations forming a
subretinal scar in eyes with neovascular/exudative myopic
macular degeneration and in eyes with neovascular/exuda-
tive AMD.7 In the latter diseases, the pigmented RPE cells
are in contact with a PAS-positive basal membrane.
Because these cells kept a major characteristic of epithelial
cells, i.e., the formation of a basal membrane, the finding
suggested a fibrous pseudo-metaplasia of the RPE cells. The
observations may suggest that an RPE cell proliferation in
the subretinal space forming a subretinal scar and under-
going a fibrous pseudo-metaplasia may be differentiated
from an intraretinal RPE cell migration/proliferation as in
the case of intermediate AMD. One may discuss whether
differences in the microenvironment (i.e., the subretinal
space with the neovascular choroidal vessels as basis for
exudative AMD compared with the intraretinal compart-
ment) may be associated with the difference in the behavior
of the displaced RPE cells producing or not producing a
detectable PAS-positive basal membrane.

The finding of intraretinally migrating/proliferating RPE
cells opens the question of whether these cells are needed
for the support of the retinal cells in the process of AMD or
whether they are part of a downward development in the
course of AMD, eventually leading to macula-related central
vision loss. The question arises whether the inward migra-
tion/proliferation of RPE cells in eyes with intermediate
AMD should therapeutically be addressed. Investigations
using RPE cell cultures revealed that some molecules, such
as transforming growth factor b and epidermal growth fac-
tor, when added to the cell culture medium, increased the
migration and proliferation of RPE cells in vitro, whereas
the antibodies of the molecules had an inhibitory effect.20

Future studies may explore whether in eyes with



Figure 4. Histo-photograph showing retinal pigment epithelium cells (yellow arrow) proliferating into the retinal outer nuclear layer through a defect in the
external limiting membrane (red arrow); green arrow: Bruch’s membrane.
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intermediate and late AMD an intravitreal application of
molecules preventing the RPE cells from migrating/
proliferating into the neighboring retinal tissue, and the
application of molecules supporting the RPE cells in the
RPE layer to prevent them from initiating the process of
transdifferentiation and metaplasia, may be useful.21 The
finding of iRPECs in eyes with intermediate and late
AMD also raises the question of whether in the
intermediate and late stage of AMD, the disease affects
Figure 5. Histo-photograph showing retinal pigment epithelium cells (yellow a
membrane.
not only the subretinal compartment and photoreceptor
layer but also the middle retinal layers, including the inner
nuclear layer.

The observation of a coincidence of iHRBs and spatially
correlated defects in the ellipsoid zone and ELM corre-
sponds to the finding obtained in the histologic part of our
study in which intraretinal located RPE cells were spatially
correlated with defects in the ELM (Figs 1e5). These ob-
servations suggest that the ELM (and the ellipsoid zone)
rrow) proliferating into the retinal outer nuclear layer; green arrow: Bruch’s
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may act as a migration barrier for subretinal (RPE) cells.
This notion is supported by the histologic finding that
iRPECs could be found also in eyes with disorders other
than AMD, such as in the parapapillary a zone and b zone,
eyes with myopic macular degeneration with a high myopia-
associated macular defect in Bruch’s membrane (patchy
atrophy), and an eye with a retinal laser coagulation spot. At
all these locations, the ELM showed defects, potentially
allowing the RPE cells to migrate inward. Supporting the
notion of the ELM as an effective barrier against an intra-
retinal cell migration are observations that, in eyes with
malignant choroidal melanoma, an intact ELM was associ-
ated with an absence of tumor cells in the retina.

Intraretinal hyperreflective bodies as detected on OCT
images may be differentiated into those occurring in rela-
tionship with migrated or proliferated RPE cells and into
those found in association with a subretinal and intraretinal
exudation (e.g., the so-called hard exudates). The differen-
tiation may be supported by clinical ophthalmoscopy, with
hard exudates (as cause for hyperreflective bodies) having a
more whitish appearance upon ophthalmoscopy. In addition,
iHRBs in association with iRPECs did not cast a posterior
shadow on the OCT images in the direction of the choroid,
in contrast to some exudation-related iHRBs showing such a
shadow (Fig 6).

Clinical implications of our study are that macular hy-
perpigmentation in eyes with AMD are usually related to
the iHRBs. The high prevalence of iHRBs in eyes with
intermediate AMD may imply that iHRBs should be
actively searched for in routinely taken OCT images of the
macula in patients with AMD. It holds true in particular
because the risk of progression from intermediate AMD to
late AMD has been shown to be associated with the dis-
tribution and extent of iHRBs, especially in the outer
retinal layer.22,23

When the findings obtained in our study are discussed,
its limitations should be considered. First, the number of
patients with intermediate and late AMD with macular
Figure 6. Clinical photograph and optical coherent tomographic images of an e
photograph, corresponding to intraretinal hyperreflective bodies in the outer n
with corresponding posterior shadows on the OCT images.
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hyperpigmentation included in the study was relatively
small for a statistical analysis. They were derived, how-
ever, from a relatively large number of patients with in-
termediate AMD (n ¼ 331) and were recruited and
examined in a population-based study. The latter is com-
bined with the advantage of a reduced risk of a referral
bias. In addition, intraretinal RPE migration leading to
macular hyperpigmentation may differ in prevalence be-
tween ethnicities. Furthermore, in all eyes with macular
hyperpigmentation and intermediate AMD and in 19 out of
21 eyes with late AMD, the macular hyperpigmentation
could be correlated with iHRBs. The potential limitation of
our study with a small number of eyes with macular hy-
perpigmentation was additionally addressed by including
all eyes with intermediate AMD in the analysis. It showed
that the prevalence of iHRBs was relatively high, with 262
of 331 (or 79.2%). Second, the use of a 31 B-scan volume
scan over a 25� � 30� field was not very dense; hence,
some pigmentary changes visible on the fundus photo-
graphs might have been missed in the OCT images be-
tween OCT line scans. Third, iHRBs could have been due
to intraretinal hard exudates due to an intraretinal or sub-
retinal exudation or due to iRPECs; hence, their differen-
tiation might have been difficult. The group of eyes with
intermediate AMD, however, did not have an intraretinal
or subretinal exudation due to the diagnostic criteria of
intermediate AMD (as compared with late AMD) and due
to the exclusion of eyes with a retinal disease associated
with an exudation (e.g., retinal vein occlusions). In the
case of late AMD, it might not always have been possible
to clearly differentiate between iHRBs due to exudation or
due to iRPECs. Fourth, because the histologic slides did
not stem from the same individuals examined clinically,
they did not allow a direct clinicalehistologic correlation.
Knowledge about the histology of iRPECs, in addition to
the OCT histology-based findings of the Beijing Eye
Study, may however have increased the information ob-
tained. Fifth, the Beijing Eye Study included Han Chinese;
ye with exudative macular degeneration and hard exudates on the clinical
uclear layer, outer plexiform layer, and inner nuclear layer (yellow arrows)
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hence, the results of the clinical part of our study may not
directly be transferred to individuals of other ethnicities.
Sixth, in the histologic part of our investigation, we did not
perform immunohistochemical examinations due to the
retrospective character of the histologic part of the study;
hence, the melanin-loaded intraretinal cells could not un-
equivocally be classified as RPE cells. Seventh, because
we did not perform immunohistochemistry, we could not
identify amelanotic RPE cells, which, because of their
metaplasia, might have lost their melanin load and their
melanin-producing ability. Neither could we determine,
whether the iRPECs were migrating, proliferating, or both.
By the same token, we could not search for retinal
microglial cells which have also been discussed to be the
cause of iHRBs. Because in our clinical-epidemiological
study, the iHRBs spatially correlated with macular hy-
perpigmentation as detected on fundus photographs, it
might have been unlikely that the iHRBs represented
activated retinal microglial cells. Eighth, the histologic
section of some eyes did not run through the fovea,
because the location of the malignant melanoma deter-
mined the meridional orientation of the section. In addi-
tion, serial sections were not available, and the underlying
reasons leading to the enucleation of the globes might have
influenced the results.

In conclusion, this combined clinical-epidemiological
and histologic investigation revealed that macular hyper-
pigmentation in eyes with intermediate and late AMD are
usually associated with iHRBs, which, according to their
shape and according to histologic studies, represent
migrating/proliferating RPE cells. Clinically and histologi-
cally, the iHRBs/intraretinal RPE cells are associated with
defects in the ELM and ellipsoid zone.
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