Intraretinal pigmented cells in retinal degenerative disease
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Synopsis

Invasion of the retina by pigmented cells may occur in several diseases.
Immunohistochemistry analysis of postmortem human tissue indicates that these cells are
RPE derived and that not all invading cells are pigmented.



Abstract

Purpose: Invasion of pigmented cells into the retina occurs in retinal degenerative diseases,
such as Macular Telangiectasia type 2 (MacTel) and Retinitis Pigmentosa (RP). These
intraretinal pigmented cells may be derived from the retinal pigment epithelium (RPE), but
differences and similarities between intraretinal pigmented cells and RPE have so far not
been well characterised.

Design: Clinicopathologic case report.

Method: Here, we compared intraretinal pigment cells with RPE cells by
immunohistochemistry. Immuno-histological stains for classic RPE markers (RPE65, CRALBP
and KRT18) and blood vessels markers (lectin and collagen 4) were done on sections from
postmortem eye tissue from two MacTel donors, an RP donor, and a control donor.

Main outcome measures: Presence of specific immunohistochemistry markers on intra
retinal pigmented and RPE cells.

Results: We found that intraretinal pigmented cells did not express RPE65 and CRALBP, with
a small subset expressing them weakly. However, they all expressed KRT18, which was also
present in normal RPE cells. Interestingly, we also found clusters of KRT18 positive cells in
the retina that were not pigmented.

Conclusions: Our findings suggest that RPE cells invading the retina de-differentiate (losing
classic RPE markers) and can be pigmented or unpigmented. Therefore, the number of RPE
cells invading the retina in retinal degenerative disease may be underappreciated by
fundoscopy.

Key Message

e What is already known on this topic - Intraretinal pigmented cells are observed in
several retinal diseases and are presumed to be RPE-derived. However, they usually
do not express classical RPE markers, and no specific markers are known to date.

e What this study adds - Here we show in postmortem samples that intraretinal
pigmented cells express the RPE marker KRT18. Furthermore, we also found KRT18
positive cells in the retina that were not pigmented.

e How this study might affect research, practice or policy — Our findings establish
KRT18 as a novel marker for intraretinal RPE-derived cells, irrespective of their
pigmentation status.



Introduction

Macular telangiectasia type 2 (MacTel) is an uncommon bilateral eye disease which can lead
to central vision loss. Retinal alterations begin in a temporal paracentral area, eventually
affecting a characteristic oval region centred on the fovea, the ‘MacTel area’ . Although
vascular alterations like ectatic capillaries and blunted vessels gave the condition its name,
the disease is most likely of neurodegenerative character, with Miiller cell loss across the
MacTel area and smaller regions of photoreceptor loss %3. During the early stages of the
disease, clinical signs include retinal crystals and loss of both luteal pigment and retinal
transparency. The appearance of dark, intraretinal pigmented patches tends to occur in
more advanced disease stages, which is associated with outer retinal atrophy and complete
loss of retinal sensitivity in this region 4.

In colour fundus images, the colour of the intraretinal pigment ranges from grey to black,
depending on its location within the retina. It is often found in proximity to right angle
vessels 58, can occur as solitary or multiple lesions, and can progressively increase in
number and size %19, The pigmentary plaques may be associated with retinal vessels
invading the outer retina and subretinal neovascularisation lesions. These vascular
abnormalities, which have also been linked to degenerative changes in the outer retina %,
may appear in OCT imaging as hyper-reflective spots. This OCT feature may also be based on
intraretinal pigmented cells, which have been described in many other retinal diseases.

It has been suggested that the intraretinal pigmented cells are derived from hypertrophy
and migration of retinal pigment epithelium (RPE) cells that have come into contact with
retinal blood vessels and migrate along them 7. A similar phenomenon has been described in
retinitis pigmentosa (RP), where RPE cells migrate towards the retinal vasculature after loss
of photoreceptors, eventually ensheathing the blood vessels and forming the clinically
visible bone spicules '>13, Intra retinal pigmented cells have also been observed in cases of
Leber congenital amaurosis 4, Best vitelliform macular dystrophy *°, and age-related
macular degeneration (AMD) %718, Here, we report the histological findings from two eyes
with MacTel and compare them with an eye from a patient with RP, to provide further
evidence of the nature of intraretinal pigmented cells in retinal degenerative disease.

Methods

Donor history

The study has ethical approval (UK National Research Ethics, IRAS project ID: 279162) and
follows the tenets of the declaration of Helsinki. All donors documented their willingness to
participate in the eye tissue donation programme of the study. Histological analysis was
conducted on one eye each from 2 MacTel patients, one RP patient and two controls.
MacTel donors 1 and 2 were participants of the MacTel natural history observation registry
(NHOR). This means that after a clinical diagnosis of MacTel had been established, they were



consented before being enrolled into the registry study. At time of enrolment, the clinical
diagnosis of MacTel was confirmed by the Moorfields Eye Hospital Reading Centre.

Donor 1 (MacTel case 1) had a history of diabetes mellitus type 2. Cause of death was a
cerebrovascular accident in the seventh decade. Before death in April 2016, the left eye was
additionally diagnosed with ocular ischemia due to near complete occlusion of the left
carotid artery. Of note, there was no clinical evidence of diabetic retinopathy in either eye
at the time of last examination in April 2016. Both eyes were obtained six hours and ten
minutes postmortem at the Kellogg Eye Center, University of Michigan. The medical history

of donor 2 (post-mortem delay before fixation was four hours) has been previously reported
2

We compared the findings with the right eyes from a patient with RP and from two donors
without a history of ocular disease. The three eyes were obtained from the Moorfields
BioBank with ethical approval from the institutional board and ethics committee. The eye
with RP (donor 3, cause of death bronchopneumonia in seventh decade) was obtained nine
hours post-mortem. The eyes from donor 4 (unknown cause of death in eighth decade) and
5 (cause of death breast cancer in sixth decade) were obtained 18 and 22 hours post-
mortem, respectively, and served as controls for immunohistochemistry. All eyes were fixed
in 4% paraformaldehyde (PFA) after excision. Representative, haematoxylin and eosin-
stained sections from MacTel case 1, the RP case and a control case are shown in a
supplementary figure (Fig. S1).

Clinical Imaging

Colour fundus photography, fluorescein angiography (FFA), fundus autofluorescence (AF)
and OCT images were obtained with the standard imaging protocol of the MacTel NHOR
study ® for MacTel donor 1.

Tissue Processing

In all cases, the central region of the right eye was dissected to include optic disk, fovea,
nasal and temporal periphery. The sample from MacTel donor 1 was cryoprotected in 30%
sucrose overnight, embedded in 10% carboxymethylcellulose, and snap frozen in iso-
pentane at -100°C. The samples from the control cases (donors 4 and 5) were
cryoprotected in 30% sucrose overnight, embedded in Optimal Cutting Temperature
compound (Scigen) and snap frozen iso-pentane at -100°C. Cryosections were obtained from
frozen tissue using a Leica CM1850 cryostat at 15um in thickness and mounted on Leica
slides. The samples from MacTel donor 2 and from donor 3 (RP) were dehydrated through a
series of alcohols automatically processed by a LEICA TP1020 tissue processor (Leica, UK)
and embedded in paraffin wax prior to cutting on a sledge microtome at 6 um in thickness
and mounted on Leica BOND™ Plus Slides (Leica, USA). Before immunohistochemistry,



paraffin sections were deparaffinized with xylene and rehydrated with a series of ethanol
dilutions.

Immunofluorescence

Heat induced antigen retrieval was performed on paraffin sections by heating the slides to
120°C in 90 molecular grade glycerol and 10% of 0.01M citrate buffer (pH6.0) for 10
minutes. Sections were washed in ddH,0 and incubated in a blocking buffer of 1% bovine
serum albumin (BSA) and 0.5% Triton-X100 in phosphate-buffered saline (PBS). Primary
antibody was diluted in the blocking buffer and incubated at 4°C overnight. After three
washes in PBS, sections were incubated with appropriate secondary antibody diluents for 2
hours at room temperature.

Potassium permanganate bleaching

Some sections were treated with potassium permanganate before immunohistochemistry
to bleach melanin 129, Sections were incubated in 1% aqueous potassium permanganate
for 10 minutes and rinsed with ddH,0. A 10% solution of oxalic acid was applied to slides for
3 minutes. The slides were rinsed with ddH,0 and incubated in PSB for 10 minutes at room
temperature. Only slides used for IBA1/ASMA/collagen triple immunostaining and
Lectin/KRT18 double immunostaining were bleached.

Antibodies

Primary antibodies used were: Alpha-smooth muscle actin (ASMA) (monoclonal, mouse
anti-human, C6198, Sigma, dilution 1:500), aquaporin-4 (polyclonal, rabbit anti-human,
NBP187679, Novus, dilution 1:500), CK18 (polyclonal, rabbit anti-human, 10830,
Proteintech, dilution 1:500), collagen IV (polyclonal, rabbit anti-human, 2150-0140, Bio-Rad,
dilution 1:500), retinaldehyde binding protein 1 (CRLBP1) (monoclonal, mouse anti-human,
MA1-813, Thermo Fisher, dilution 1:300), Ibal (polyclonal, rabbit anti-human, 019-19741,
Wako, dilution 1:1000), RPE65 (monoclonal, mouse anti-human, MAB5428, EMD Millipore,
dilution 1:500), Vimentin-Cy3 (monoclonal, mouse anti-human, C9080, Sigma, dilution
1:300), Rhodamine-conjugated Ulex Europaeus Agglutinin (RL-1062, Vector Labs, dilution
1:500). Secondary antibodies used were Donkey anti-Mouse IgG (H+L) Alexa Fluor® 555
(A31570, Invitrogen, dilution 1:300), Donkey anti-Rabbit IgG (H+L) Alexa Fluor® 488
(A21206, Invitrogen, dilution 1:300), Donkey anti-Rabbit IgG (H+L) Alexa Fluor® 647
(A31573, Invitrogen, dilution 1:300).

Microscopy

Widefield images were taken using Invitrogen™ EVOS™ FL Auto 2 (Thermo Fisher, UK) with
20X objective. Confocal images were taken using Zeiss LSM700 or LSM710 microscopes. For
IBA1/ASMA/collagen triple immunostaining and Lectin/KRT18 double immunostaining,
melanin granules were visualized with transmitted light in the EVOS (X200 magnification)
after deparaffinization and before immunostaining. Slides then went through bleaching



steps and proceeded with immunofluorescent staining. Brightfield images were then
orientated and overlaid with 70% transparency on top of corresponding confocal images.
Otherwise, Zeiss LSM700 was equipped with a T-PMT (Transmission-Photomultiplier) to
collect differential interference contrast (DIC) images of the melanin granules.

Results

Clinical description

Both eyes from donor 1 showed full thickness macular holes which is a rare feature in
MacTel, with a recently reported prevalence in a MacTel study cohort of 1.7% *. Marked
intraretinal pigment plaques were visible in the right eye on colour fundus images in 2006
and 2013 with a greyish hue, suggesting a position in inner retinal layers (Fig. 1A). In the left
eye pigmentation was faint in 2006 but became more noticeable by 2013 (Fig. 1A’). A
particularly large pigment plaque expansion could be seen in the nasal perifovea of the right
eye where a blunted vessel was present near the plaque (Fig. 1A). Fluorescein angiography
revealed vascular leakage in the centre of the macula in both eyes (Fig. 1B and B’). However,
some of that signal might also be caused by a localised loss of RPE pigmentation or RPE cells
(arrowheads), which reveals fluorescein in the underlying choroid vasculature (so called
“window defect”). Corresponding dark grey patches in autofluorescence imaging
(arrowheads in Fig. 1C and C’) and light patches in the colour fundus images (arrowheads in
Fig. 1A and A’) further support the notion of localised RPE defects.

A post-mortem photograph of the right eye of donor 1, taken in 2016 (Fig. 1D), shows that
the shape and size of the pigmented plaques remained relatively stable since 2013. The
location of the macular hole (visible as light brown patch in Fig. 1D) and the distribution of
the retinal vessels were used to match the clinical images with the histological sections. The
dotted line in Fig. 1D shows the approximate location of the OCT B-scan in Fig. 1E and a
brightfield image of a cryosection from that retinal region (Fig. 1F). The localisation of the
three hyperreflective clusters seen in the OCT image (arrows in Fig. 1E) matches with the
pigmented clusters seen in bright field microscopy of the cryosection (arrows in Fig. 1F).
Clinical findings for donor 2 were previously reported ? and similar to donor 1, but with only
one (and a much smaller) intraretinal pigment plaque.

Blood vessels and Miiller cells

To investigate the association between blood vessels and pigmented cells we used
antibodies against collagen IV to stain for blood vessel basement membrane. Within the
MacTel area (where Miiller cells are lost), we found many vessels that morphologically
appeared normal, but were associated with patches of pigmented cells containing densely
packed melanin granules (Fig. 2A, A’), which is not seen outside the MacTel area (not
shown) or in normal retina (Fig. 2C). Furthermore, in some vessels the basement membrane
appeared thicker than normal and formed irregular collagen IV deposits not seen in retina of
healthy donors (Fig. 2D, D’). Similarly, in the RP sample, pigmented cell clusters were



associated with collagen IV positive structures (Fig. 2B, B’, E, E’). Inmunostaining with
antibodies against aquaporin 4 (AQP4, expressed by Miller cells) showed a few AQP4
positive remnants associated with the abnormally shaped vessel/pigment cluster in the
MacTel sample (Fig. 2D, D’) but otherwise there was no evidence of Miiller cells. In contrast,
there was extensive AQP4 staining in the RP and control sample (Fig. 2E, E’, F). Using
antibodies against vimentin (Fig. 2G-1) also demonstrated that Miiller cells keep a normal
morphology in the control eye but undergo reactive gliosis in the RP eye and are almost
absent in the centre of the MacTel eye.

RPE and pigmented cells

CRALBP is expressed in Miiller cells and the RPE. Antibody staining against CRALBP showed
that Miiller cells were largely absent in the central retina in the MacTel sample, as
previously reported %3 (Fig. 3A). In contrast, CRALBP positive RPE cells, were present across
the entire retina (black arrowheads in Fig. 3A), with the exception of two patches (white
arrowheads in Fig. 3A). Both of these patches were localised around clusters of vessels,
collagen deposits and pigmented cells that reached to Bruch’s membrane. The majority of
pigmented cells (which were much more strongly pigmented than normal RPE) did not or
only very weakly stain for CRALBP (Fig. 3 A-C’). At higher magnification it was also notable
that autofluorescent lipofuscin and melanofuscin granules (a hall mark of human RPE cells )
were visible in some CRALBP positive cells (arrowheads in Fig. 3B, B’), but absent in the
darkly pigmented, CRALBP negative cells (arrows in Fig. 3B-C’). In the RP sample (Fig. 3H-I’),
CRALBP staining revealed gliosis in the retina, but was absent from the darkly pigmented
intraretinal cells.

It is possible that the presence of excessive melanin pigment in the intra retinal cells may
have blocked fluorescent signals. We therefore used potassium permanganate to bleach
melanin pigment °20, Before the bleaching, the retina was imaged in brightfield to localise
pigmented cells in the section (Fig. 3D). After bleaching, we used antibodies against RPE65,
which is another marker for RPE cells 2?2, RPE65 was strongly expressed in normal RPE
(arrowhead in Fig. 3D, E) but bleaching of the pigment did not reveal any further stains and
the pigmented clusters visible in Fig. 3E-G remained RPE65 negative except for very few
weakly positive cells (Fig. 3G).

Since the majority of the darkly pigmented intraretinal cells did not express two classic RPE
markers (CRALBP and RPE65) we wondered whether this could be due to epithelial-
mesenchymal transition (EMT). It has been previously shown that RPE cells undergoing EMT
downregulate RPE markers and begin to express mesenchymal proteins such as vimentin
and alpha smooth muscle actin (ASMA) 23?7, In the MacTel retina from donor 1, vimentin
was expressed in Miller cells in the peripheral retina where they were present, but little
vimentin immunoreactivity was detected in the central retina. Intra-retinal pigmented cells
were not positive for vimentin (Fig. 2G, G’). Furthermore, ASMA was present only in



vascular smooth muscle cells as expected, but no immunoreactivity was detected in intra-
retinal pigmented cells in the two MacTel retinas and the RP retina (Fig. 4A-E).

Next, we tested whether the darkly pigmented intraretinal cells might be phagocytic cells.
Macrophages in the retina can appear hyperpigmented after phagocytosing melanosomes
28 \We therefore immunolabeled retina from Mactel patients, a RP patient and a healthy
donor with antibody raised against microglial protein IBA. Both MacTel eyes, the RP eye and
the control showed some IBA1 positive microglia distributed throughout the retina. Some
were also found in close proximity or within the clusters of blood vessels and pigmented
cells in both temporal and nasal perifovea. However, their distribution did not match the
distribution of intra-retinal pigmented cells (Fig. 4A-D).

Melanin granules in RPE cells can easily be identified by light microscopy due to their large
size. In comparison, choroidal melanocytes contain much smaller melanin granules.
Interestingly, the melanin granules in the intraretinal pigmented cells in the MacTel and the
RP sample match the size of those in RPE cell (Fig. 4F-H). This further supports the notion
that the invading intraretinal cells in MacTel are — similarly to RP - derived from RPE. In
summary, these results show that intraretinal-pigmented cells are neither derived from
microglial or choroidal melanocytes nor do they express mesenchymal markers.

Despite intraretinal, darkly pigmented cells not expressing the two RPE-specific markers
RPE65 and CRALBP, we wanted to further explore the notion that these cells are RPE
derived. We therefore tested whether they express cytokeratin 18 (KRT18), which is specific
to epithelial lineage cells %°. In the eye, KRT18 expression is restricted to the RPE 3933,
Importantly, hyperplastic RPE cells retain KRT18 expression in uveal melanoma, and
cultured human RPE cells continue to express KRT18 3%3* Immunolabeling of MacTel retina
with antibodies against RPE65 and KRT18 showed that RPE adjacent to Bruch’s membrane
co-labelled for RPE65 and KRT18, as expected (Fig. 5A-C, E-G). Furthermore, all intraretinal
pigmented cells were also expressing KRT18 (Fig. 5E’-G’). Remarkably, within the pigmented
clusters, even cells that were only weakly or not pigmented were KRT18 positive
(arrowheads in Fig. 5). Interestingly, we made similar findings in a sample from an RP
patient, where clusters of pigmented cells also contained non-pigmented cells that were
KRT18 positive (arrowheads in Fig. 5D, H, H’).

Discussion

Here we showed that intraretinal pigmented cells in MacTel and RP do not express classic
RPE markers such as RPE65, but that they are KRT18 positive. Furthermore, some
intraretinal KRT18 positive cells were also non-pigmented. Since KRT18 is strongly expressed
in normal RPE cells (and nowhere else in the retina), it is likely that all intraretinal KRT18
positive cells (pigmented and non-pigmented) are RPE derived.



Clinically, pigmentary changes in the retina are important signs because pigment is very
conspicuous in fundoscopy; with both retinal diseases and conditions of the RPE itself
associated with altered pigmentation. Alterations in pigmentation can be associated with
diseased RPE cells and associated outer retinal atrophy, as in RPE hamartomas 3° or solitary
congenital hypertrophy of the RPE 3%; or the cells can show normal morphology with normal
overlying photoreceptors, as in grouped type of congenital hypertrophy or reticular
degeneration of the RPE 3738, Pigmentary changes in RPE have also been described in other
degenerative retinal diseases, for example age-related macular degeneration (AMD), where
RPE cells have been reported to undergo phenotypic changes associated with migration and
degeneration, including transdifferentiation3*%° and changes to melanosome load **.

Based on our description of RPE65 and CRALBP negative intraretinal pigmented cells, we
hypothesise that when RPE cells migrate into the retina in MacTel or RP, they partially de-
differentiate or trans-differentiate or transform. RPE cells are known to lose markers they
normally express in in their fully differentiated state in response to stress or disease, often
involving proteins that contribute to interactions between RPE and photoreceptors 2642744,
Furthermore, intraretinal pigmented cells with no RPE65/CRALBP expression have also been
previously described in cases of AMD 6. Similarly, in our samples we found that the majority
of RPE cells that have invaded the retina lose both RPE65 and CRALBP expression but
retained expression of KRT18.

Regarding pigmentation, we observed two distinct phenotypes since the intraretinal KRT18-
positive clusters contained non-pigmented and very strongly pigmented cells. It is not clear
from our data whether the nonpigmented KRT18 positive cells are precursors of the strongly
pigmented KRT18 positive cells, or whether the relationship is the other way around. It is
possible, however, that the strongly pigmented phenotype is induced by interactions with
retinal blood vessels. Normal RPE cells need a basal membrane scaffold which is provided by
the vasculature. The accumulation of RPE around blood vessels in MacTel results in similar
vascular alterations as in RP: breakdown of the blood-retinal barrier and thickening of the
basement membrane 2,

It is likely that pigmented, KRT18 positive cells contribute to hyperreflective spot/foci in OCT
imaging in MacTel as it has been shown in other pathologies such as AMD ¢ or Acquired
Vitelliform Lesions %°. It is also plausible that non-pigmented KRT18 positive cells are not
completely transparent (like the rest of the retina) and by having light scattering properties,
they may also contribute to the hyper reflective spot signal in OCT imaging. Whilst de-
pigmentation is classically associated with cultured RPE cells 244647 it has, to our knowledge,
so far not been described in human tissues. Our results therefore demonstrate that invasion
of RPE cells into the retina in MacTel may be underappreciated because not all invading cells
are pigmented.
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Figures

Figure 1. Clinical and histological presentation of MacTel case 1 in multiple imaging
modalities. (A) Colour fundus photographs of the right and (A’) left macula (taken in 2006
and 2013) show typical features of the disease and their progression, such as telangiectatic
vessel and pigmented plaques. (B and B’) In both eyes, late phase fluorescein angiography
shows leakage in the macula. In addition, some distinct bright patches (arrowheads) can be
attributed to a lack of RPE pigmentation or RPE cells, revealing the underlying choroid
vasculature (window defect). (C and C’) In these locations (arrowheads), autofluorescent
imaging shows dark grey patches (absence of autofluorescent RPE cells), which correspond
to brighter patches in the colour fundus images. (D) A postmortem colour photograph of
right eye shows melanin pigment plaques nasally and temporally of a macular hole (brown
patch). (E) OCT imaging (roughly at the location of the stippled line in E) shows the macular
hole and hyperreflective clusters (arrows). (F) A histological cryosection, matching the
approximate location of the OCT b-scan, shows pigmented cell clusters (arrows) in similar
locations as the hyperreflective clusters in the OCT.
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Figure 2. Association of pigmented cells with blood vessels. Sections from MacTel donor 1
(A, A’, D, D, G, G’), a Retinitis Pigmentosa (RP) donor (B, B’, E, E’, H, H’) and a healthy
control (C, F, 1) were processed for immunofluorescence. Pigmented cells can be seen in the
bright field overlays (A’, B’, D’, E’ G’, H’) in the and are associated with blood vessels staining
(A-F) in red (lectin stain) and white (collagen IV stain). Miiller cells are shown in green (D-F,
aquaporin-4 stain) and red (G-I, vimentin stain). Nuclei are shown in blue (labelled with
Hoechst). Images were acquired with a 40X oil objective, scale bar is 20um.
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Figure 3. Intraretinal pigmented cells do not express RPE markers. Brightfield overlays (A,
B’, C’, F, H, I') show the distribution of pigmented cells in a section from MacTel donor 1 (A-
G) and a Retinitis Pigmentosa donor (H-I’), stained for the RPE markers (in green) CRALBP
(A-C’, F-I') and RPE65 (D-G), and the vascular marker collagen IV (A-C’, F-I’, red). The
overview image of the MacTel case (A) shows intact RPE (black arrowheads) and areas
where RPE cells are missing (white arrowheads) and only Bruch’s membrane (white arrows
in A) remains. Intraretinal CRALBP staining is associated with Mdiller cell remnants but
absent from intraretinal pigmented cells. White boxes in A are magnified in B, B’ (left box)
and C, C' (right box), which reveal some residual CRALBP stain in cells containing lipofuscin
granules (white arrowheads in B, B’) but a complete absence of CRALBP in other pigmented
cells (white arrows in B-C’). Similarly, RPE65 staining (E-G) is not visible in intraretinal
pigmented cells either on a MacTel section where melanin bleaching was applied to ensure
the fluorescent staining is not obscured (D shows the section before bleaching), whilst RPE
cells are strongly labelled (arrowheads in D, E). Magnified views of boxes in D, E are shown
in F, G. In the RP sample (H-I’), CRALBP staining is visible in gliotic Miiller cells, but not
intraretinal pigmented cells. The box in H is shown in |, I. Nuclei are shown in blue (labelled
with Hoechst). Panel A, D, E and H were imaged with a 20X objective, the rest are confocal
images acquired with a 40X oil objective.
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Figure 4. Intraretinal pigmented cells are not mesenchymal or inflammatory cells or uveal
melanocytes. (A-C) Immunohistochemistry for IBA1 (green, inflammatory cells) and ASMA
(red, marker for vascular smooth muscle cells and RPE cells undergoing EMT) in MacTel case
1, 2, Retinitis Pigmentosa shows in corresponding brightfield overlays (A’, B’ C’) that
intraretinal pigmented cells are neither mesenchymal nor inflammatory in nature. Nuclei
are shown in blue (labelled with Hoechst). Brightfield imaging of the MacTel (F), the Retinitis
Pigmentosa (G) and the control (H) donor tissue shows large intracellular pigment granules
in RPE (black arrowheads) and intraretinal pigmented cells (black arrowheads) of similar size
in both cell types. In contrast, pigment granules in uveal melanocytes (black arrows) are
much smaller and cannot to be individually discerned at the resolution shown. All confocal
images were acquired with a 40X oil objective.
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Figure 5. Intraretinal pigmented cells express KRT18. Immunostaining for KRT18 (A-L) and
RPE65 (E-L) in MacTel donors 1, 2 (A-C, E-G, E’-G’) and a Retinitis Pigmentosa donor (D, H,
H’) shows KRT18 labelling in RPE cells (RPE65 positive) and intraretinal pigment cells
(arrowheads) visualised in brightfield overlays (E’-H’). Nuclei are shown in blue (labelled

with Hoechst).
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Supplemental figure 1. Haematoxylin and eosin (H&E) staining sections from the donor
tissue used in this study. Representative sections are shown for one of the control donor’s
retina (A) and choroid/RPE (A’), the RP donor (B, C), and the MacTel case 1 (D, E). The box in
E corresponds to D. All images were acquired with a 20x objective. Scale bars are 100um
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